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1.0 INTRODUCTION - 
ADS is a g e n e r a l  purpose numerical  op t imiza t ion  program con ta in ing  

a v ide  v a r i e t y  of a lgor i thms.  The problem s o l v e d  is: 

Minimize F( X) 

Subjec t  t o ;  
g j ( X )  <_ 0 j = l , m  

The s o l u t i o n  of t h i s  g e n e r r l  problem is s e p a r a t e d  i n t o  t h r e e  b a s i c  
l e v e l s :  

1. STRATEGY - F o r  e x a n p l e ,  S e q u e n t i a l  U n c o n s t r a i n e d  M i n i m i z a t i m  or 
S e q u e n t i a l  L inear  Programming. 

2. OPTIMIZER - For example, V a r i a b l e  Metric methods f o r  uncons t ra ined  
minimizaticm o r  the Method of F e a s i b l e  D i r e c t i o n s  f o r  c o n s t r a i n e d  
minimization. 

3.  ONE-DIMENSIONAL SEARCH - For example, Golden S e c t i o n  o r  Polynomial 
I n  t e rpo la  t ion.  

A d d i t i o n a l l y ,  w e  may c o n s i d e r  a n o t h e r  component t o  be p r o b l e m  
f o r m u l a t i o n .  It is assumed t h a t  t h e  e n g i n e e r  makes e v e r y  e f f o r t  t o  
f o r m u l a t e  t h e  p r o b l e m  i n  a form a m e n a b l e  t o  e f f i c i e n t  s o l u t i o n  by 
n u m e r i c a l  o p t i m i z a t i o n .  T h i s  a s p e c t  i s  p e r h a p s  t h e  most i m p o r t a n t  
i n g r e d i e n t  t o  t h e  e f f i c i e n t  u s e  of t h e  ADS program f o r  s o l u t i o n  of 
p r o b l e m  of p r a c t i c a l  s i g n i f  icance. 

By choosing the  S t r a t egy ,  Optimizer and One-Dimensional Search, t h e  
u s e r  i e  g i v e n  c o n s i d e r a b l e  f l e x i b i l i t y  i n  c r e a t i n g  a n  o p t i m i z a t i o n  
program which works well  f o r  a g i v e n  c l a s s  of des ign  problems. 

The purpose here  fe  t o  desc r ibe  the  use of the  ADS program and t h e  
a v a i l a b l e  program o p t i o n s .  S e c t i o n  2 i d e n t i f i e s  t h e  a v a i l a b l e  
o p t i m i z a t i o n  s t r a t e g i e s ,  o p t i m i z e r 8  a n d  o n e - d i m e n s i o n a l  s e a r c h  
a lgor i thms.  Sec t ion  3 d e f i n e s  t h e  program o rgan iza t ion ,  and S e c t i o n  4 
g i v e s  use r  i n s t r u c t i o n s .  Sec t ion  5 p r e s e n t s  s e v e r a l  s imple  examples t o  
a i d  t h e  use r  i n  becoming f a m i l i a r  wi th  t h e  ADS program. Sec t ion  6 g i v e s  
a s i m p l e  main program t h a t  i s  u s e f u l  f o r  g e n e r a l  des ign  a p p l i c a t i o n s .  

1 



2.0 PROGRAM OPTIONS - 
In t h i s  s e c t i o n ,  t h e  o p t i o n s  a v a i l a b l e  i n  t h e  ADS program are  

A t  each of t h e  t h r e e  s o l u t i o n  l e v e l s ,  s e v e r a l  o p t i o n s  are i d e n t i f i e d .  
a v a i l a b l e  t o  t he  user.  

- 2.1 S t r a t e g y  

Tab le  1 l ists  t h e  strategies a v a i l a b l e .  The parameter  ISTRAT w i l l  
be s e n t  t o  the ADS program t o  i d e n t i f y  the  s t r a t e g y  the use r  wants. The 
ISTRAT-0 op t ion  would i n d i c a t e  t h a t  c o n t r o l  shou ld  t r a n s f e r  d i r e c t l y  t o  
t h e  o p t i m i z e r .  T h i s  wou ld  be t h e  case, f o r  example ,  when u s i n g  t h e  
Method of F e a s i b l e  Di rec t ions  t o  s o l v e  cons t r a ined  o p t i m i z a t i o n  problems 
because t h e  opt imizer  works d i r e c t l y  wi th  the cons t r a ined  problem. On 
t h e  o t h e r  hand, i f  t h e  cons t r a ined  o p t i m i z a t i o n  problem is t o  be s o l v e d  
by c r e a t i n g  a s e q u e n c e  o f  u n c o n s t r a i n e d  m i n i m i z a t i o n s ,  w i t h  p e n a l t y  
f u n c t i o n s  t o  d e a l  w i th  c o n s t r a i n t e ,  one of t h e  appr0priar .e  strategies 
would be csed. 

TABU 1: STRATEGY OETIONS 
ISTBAT STBhTEGY To a8 USED 

0 None. Go d i r e c t l y  t o  the  opt imizer .  
1 

2 

3 

4 

5 Augmented Lagrange M u l t i p l i e r  method ( r e f  8. 9-1 3). 
6 Sequen t i a l  L inear  Programing ( r e f s .  14, 15). 
7 Method of Cen te r s  (method of i n s c r i b e d  hyperspheres)  

( r e f .  16). 
8 Sequen t i a l  Q u a d r a t i c  Programming ( r e f s .  11, 17,  18). 

Sequen t i a l  uncons t r a i n d .  minimiza t i o n  u s i n g  t h e  e x t e r i o r  
pena l ty  func t ion  method ( r e f s .  1, 2). 
Sequen t i a l  unconetrained minimiza t ion  u s i n g  t h e  l i n e a r  
extended i n t e r i o r  pena l ty  func t ion  method ( r e f s .  3-51. 
Sequen t i a l  uncons t ra ined  minimizat ion us ing  t h e  q u a d r a t i c  
extended i n t e r i o r  peca l ty  func t ion  method ( r e f s .  6 ,  7) .  
Sequen t i a l  uncons t ra ined  minimizat ion us ing  t h e  c u b i c  
extended i n t e r i o r  pena l ty  func t ion  method ( r e f .  8) 

- 2.2 O p t i m i z e r  

Tab le  2 l i s t s  t h e  opt imizere  a v a i l a b l e .  IOPT i s  t h e  parameter  used 
t o  i n d i c a t e  t h e  o p t i m i z e r  d e s i r e d .  

2 



TABLB 2: OPTMIZIU OPTIOES 
I o n  OPTIWIZHB ‘TO BE USED 

0 Ncne. Go d i r e c t l y  trr t h e  one-dhuensi*)nsl search.  This  
op t ion  should be  used only  f o r  program development. 

1 Fletcher-Reeve8 a l g o r i t k  f o r  unconstrained a i n h i z a t  ion 
( r e f s .  19). 

2 Davidon-Fletcher-Powell (DFP) v a r i a b l e  me t r i c  method f o r  
unconstrained minimizat ion ( r e f s .  20, 21). 

3 Broydoa-Fletcher+ ldf  arb-Shanno (BFGS) v a r i a b l e  m e t r i c  
method f o r  uncons t ra ined  minimizat ion ( r e f  s. 22-25). 

4 Method of F e a s i b l e  Di rec t ions  (MFD) f o r  cons t r a ined  
minimizat ion  ( r e f  8. 26, 27 1. 

5 Modified Method of  F e a s i b l e  Di rec t ions  f o r  cons t r a ined  
minimiza t ion  ( r e f .  28). 

I n  choosing t h e  opt imizer  (a8 w e l l  as s t r a t e g y  and one-dimensional 
s e a r c h )  i t  i s  assumed t h a t  t h e  u s e r  i s  k n o w l e d g e a b l e  enough t o  choose 
a n  a l g o r i t h m  c o n s i s t e n t  w i t h  t h e  p r o b l e m  a t  hand. F o r  e x a m p l e ,  a 
v a r i a b l e  m e t r i c  o p t i m i z e r  wou ld  n o t  b e  u s e d  t o  s o l v e  c o n s t r a i n e d  
p r o b l e m s  u n l e s s  a s t r a t e g y  i s  u s e d  t o  c r e a t e  t h e  e q u i v a l e n t  
unconstrained minimizat ion t a s k  v i a  some form of  p e n a l t y  funct ion.  

- 2.3 One-Dimens iona 1 Search 

T a b l e  3 l i s t s  t h e  o n e - d i m e n s i o n a l  s e a r c h  o p t i o n s  a v a i l a b l e  f o r  
u n c o n s t r a i n e d  and c o n s t r a i n e d  p r o b l e m s .  Here  XONED i d e n t i f i e s  t h e  
a l g o r i t h m  t o  be  used.  

TABLE 
IOllBD 

1 

2 

3 

4 

5 

6 

7 

8 

3: ONE-DIH~SIOIilAL SEARCE OPTIOloS 

Om-DIIEgllSIOXAL SBbPCli OPTIOI  ( r e f s .  1, 2 9 ,  3 0 )  

Find t h e  minimum of an unconstrained func t ion  us ing  t h e  
Golden Sect  ion method. 
Find t h e  minimum of an uncons t ra ined  func t ion  us ing  t h e  
Golden Sec t ion  method fo l loved  by polynomial i n t e r p o l a t i o n .  
Find t h e  minimum of an unconstrained func t ion  by f i r s t  
f i n d i n g  bounds and then uaing polynomial i n t e r p o l a t i o n .  
Find t h e  minimum of an unconstrained func t ion  by polynomial 
interpolation/extrapolation without  f i r s t  f ind iag  bounds on 
t h e  s o l u t i o n .  
Find t h e  minimum of an cons t r a ined  func t ion  us ing  t h e  
Golden Sect ion method. 
Find t h e  minimum ob ar! ceca t r a ined  func t ion  us ing  t h e  
Z X e n  Sect ion  method followed by polynomial i n t e r p o l a t i o n .  
Find t h e  minimum of an cons t r a ined  func t ion  by f i r s t  
f i nd ing  bounds and then using polynomial i n t e r p o l a t i o n .  
Find t h e  minimum of an cons t r a ined  func t ion  by polynomial 
interpolation/extrepolation without  f i r s t  f inding bounds on 
t h e  s o l u t i o n .  

3 



- 2.4 Allowable Combinations of A l g o r i t h m  

Not a 1  1 c a b i n a t i o n s  of  s t r a t e g y ,  o p t i m i z e r  and  o n e - d i m e n s i o n a l  
search are rean ingfu l .  For example, cons t r a ined  one-diPensional s ea rch  
is not m a n i n g f u l  when minimizing uncons t ra ined  func t ions .  

T a b l e  4 i d e n t i f i e s  t h e  c o m b i n a t i o n s  of a l g o r i t h m s  which are  
a v a i l a b l e  i n  t h e  ADS program. In t h i s  t a b l e ,  an X is used to  denote  an  
a c c e p t a b l e  c o m b i n a t i o n  o f  s t r a t e g y ,  op t imizer  and  one-d imens iona  1 
s e a r c h .  An e x a m p l e  is shown by t h e  h e a v y  l i n e  on t h e  t a b l e  which 
i n d i c a t e s  t h a t  c o n s t r a i n e d  o ~ t i a i t a t i o n  is t o  be per fo rmed  by t h e  
Augmented Lagrange  M u l t i p l i e r  Method (ISTRAT=S), u s i n g  t h e  BFGS 
op t imize r  (IOPT-3) and polynomial  i n t e r p o l a t i o n  u i t h  bounds f o r  t h e  one- 
dimensional  s e a r c h  (ION-3). From t h e  t a b l e ,  i t  is clear t h a t  a large 
number of poss j  b l e  col .binat ions of a l g o r i t h m s  are a v a i l a b l e .  

TABLE 4: PoDczun OPTIONS 
0PTmzER 

STRATEGY 1 2 3 4 5 
0 X X X X X 
1 X X X 0 0 
2 X X X 0 0 
3 X X X 0 0 
4 X X x 0 0 

6 0 0 0 X X 
0 X X 
0 X X 

7 0 
8 0 

@-x-xI,@ 0 0 

X X 0 0 
X 0 0 

X X 0 0 
0 (J X X 
0 C X X 
0 0 X 1( 

0 X X 

x & o  0 
: I  OW-D SEARCH 

1 X 
2 X 
3 .  X 
4 X 
5 0 
6 0 
7 0 
8 0 0 

Appendix A c o n t a i n s  an  m n o t a t e d  v e r s i o n  of T a b l e  4 f o r  convenient  
r e f e r e n c e  once  t h e  u e e r  i s  : aa i l i a r  w i t h  ADS. 

To conserve computer s t a r a g e ,  i t  may be d e s i r a b l e  to  u8e o n l y  those  
sub rou t ines  i n  t h e  ADS system needed f o r  a g i v e n  combination of ISTUT, 
IOPT and IONED. Appendix C prov ides  t h e  informat ion  necessa ry  f o r  t h i s .  
Appendix D lists the  s u b m u t i n e e  wi th  a v e r y  b r i e f  d e s c r i p t i o n  of each. 

3.0 PROGRAM FLOW LOGIC - -- 
ADS Is c a l l e d  by a u s e r - s u p p l i e d  c a l l i n g  program. ADS w e 8  n o t  

c a , l 1  any user -suppl ied  subrout incr .  Ins tead ,  ADS r e t u r n s  c o n t r o l  t - t he  
c a l l i n g  prograu. when f u n c t i o n  or g r a d i e n t  in format ion  is needed. The 
r e q u i r e d  i n f o r m a t i o n  i s  e v e l u a t k d  and  ADS i s  c a l l e d  a g a i n .  T h i s  
p r o v i d e s  cons ide rab le  f l e x i b i l i t y  i n  program o r g a n i z a t i o n  and  res ta r t  
capa b i l l  t ies . 

4 
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ADS can be used i n  fou r  p r i n c i p a l  modes: 

1. Defaul t  Cont ro l  parameters and f i n l t t  d i f f e r e n c e  g rad ien t s .  

2 Over-ride d e f a u l t  parameters ,  use f i n i t e  d i f f e r e n c e  g r a d i e n t s  . 
3. Defaul t  c o n t r o l  parameters and use r - supp l i ed  g r a d i e n t s .  

4. Over-ride d e f a u l t  parameters  and user -suppl ied  g r a d i e n t .  

The f i r s t  mode is t h e  s i m p l e s t  "b lack  box" approach. In t h e  second 
mode, t h e  u s e r  o v e r - r i d e s  t h e  d e f a u l t  parameters t o  " f i n e  t u n e "  t h e  
program f o r  e f f i c i e n c y .  In modes 3 and 4, t h e  u s e r  s u p p l i e s  a l l  needed 
g r a d i e n t  in format ion  t o  the program- 

F i g u r e  1 is t h e  program f l o w  d i a g r a m  f o r  t h e  s i m p l e s t  u s e  of ADS. 
The use r  begins  by d e f i n i n g  the basic c o n t r o l  parameters and arrays ( t o  
be descr ibed  i n  S e c t i o n  4). The g r a d i e n t  computation parameter,  IGRAD, 
is s e t  t o  zero t o  i n d i c a t e  t h a t  f i n l t e  d i f f e r e n c e  g r a d i e n t s  w i l l  be 
used. The informat ion  parameter, I N F O ,  is i n i t i a l i z e d  to  z e r o  and ADS 
i s  c a l l e d  f o r  op t imiza t ion .  Whenever t h e  v a l u e s  of the o b j e c t i v e ,  OBJ, 
and c o n s t r a i n t s ,  G ( I ) ,  I = l , N C O N ,  are r e q u i r e d ,  c o n t r o l  is r e t u r n e d  t o  
t h e  u s e r  w i t h  INFO=l .  The funct!.ons are t h e n  e v a l u a t e d  and ADS is 
c a l l e d  again. When INFOIO is retur-tied t o  t h e  use r ,  t h e  o p t i m i z a t i o n  is 
complete. 

'PEG I N  

DIHENSION ARRAYS 

DEFINE BASIC VARIABLES 

INFO + 0 

i > C A L L  ADS ( I N F O  ) 

EVALUATE 
OBJECTIVE 

AND 
CONSTRAINTS 

EXIT 
OPTIMIZATION 
IS COMPLETE 

Figure  1: S impl i f i ed  Program Usay?; A l l  Defaul t  
Parametera and F i n i t e  D i f f e r e n c  Grad ien t s  

5 



F i g u r e  2 is t h e  program f l o w  d i a g r a m  f o r  t h e  case w h e r e  t h e  u s e r  
wishes t o  over - r ide  one o r  more internal parameters ,  such as convergence 
c r i t e r i a  o r  m a x i m u m  number of i t e r a t i o u s .  Here, a f t e r  i n i t i a l i z a t i o n  of 
basic parameters  and a r r a y s ,  t h e  informat ion  parameter,  INFO, is set t o  
-2. ADS is  t h e n  c a l l e d  t o  i n i t i a l i z e  a l l  i n t e r n a l  p a r m e t e r s  a n d  
a l l o c a t e  s t o r a g e  space f o r  internal a r rays .  Con t ro l  is then  re turned  t o  
t h e  u s e r ,  a t  which  p o i n t  t h e s e  p a r a m e t e r s ,  f o r  e x a m p l e  c o n v e r g e n c e  
cri teria,  can be over-r idden i f  des i red .  A t  t h i s  po in t ,  t he  informat ion  
parameter,  INFO, w i l l  have  a v a l u e  of  -1 and shou ld  n o t  be changed. ADS 
i s  t h e n  c a l l e d  a g a i n  and  t h e  o p t i m i z a t i o n  proceeds .  S e c t i o n  4.3 
p rov ides  a list of i n t e r n a l  parameters  which may be modified,  a l o n g  wi th  
t h e i r  l o c a t i o n s  i n  t h e  work a r r a y s  UK and In. 

BEGIN , 

DIMENSION ARRAYS 

DEFINE BASIC VARIABLES 

I G R A D C -  0 

INFO c- -2 

CALL ADS (INFO. . . ) 
OVER-RIDE DEFAULT PARAMETERS 

WHICH ARE NOW CONTAINED I N  
ARRAYS WK AND IWK IF DESIRED 

CALL ADS ( I N F O  . . ) LLe5 
EXIT 

OPTIMIZATION 
I S  COMPLETE 

Figure 2: Program Flow Logic; Over-ride Defaul t  
Parameters ,  F i n i t e  D i f f e rence  Gradien ts  

Figure 3 is t he  f l o w  diagram f o r  t h e  case where t h e  u s e r  wishes  t o  
p rov ide  g rad ien t  in format ion  t o  ADS, r a t h e r  than having  AbS c a l c u l a t e  
t h i s  i n f o r m a t i o n  u s i n g  f i n i t e  d i f f e r e n c e  methods.  I n  F i g u r e  3, i t  is 
a l s o  assumed t h a t  t h e  use r  w i l l  over - r ide  some i n t e r n a l  parameters ,  so 
t h e  d i f f e r e n c e  between F igures  2 and 3 is t h a t  IGRAD i s  now set  t o  1 and 
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t h e  u se r  w i l l  now p r o v i d e  g r a d i e n t s  d u r i n g  o p t i m i z a t i o n .  I f  t h e  u s e r  
does not wish t o  ove r - r ide  any d e f a u l t  psrameters ,  INFO is i n i t i a l i z e d  
t o  z e r o  and t h e  f i r s t  c a l l  t o  ADS is o b i , : t r d  ( a s  i n  F i g u r e  1). Now, 
when c o n t r o l  i s  r e t u r n e d  t o  t h e  u s e r ,  t h e  i n f o r m a t i o n  p a r a m e t e r  w i l l  
h a v e  a v a l u e  of 1 o r  2 ( i f  INPO=O, t h e  o p t i m i z a t i o n  is c o m p l e t e ,  as  
b e f o r e ) .  I f  INFG=l, t h e  o b j e c t i v e  a n d  c o n s t r a i n t  f u n c t i o n s  a re  
e v a l u a t e d  and ADS is c a l l e d  again,  j u s t  as i n  F igu re  2. I f  XNFO=L, t h e  
g r a d i e n t ,  DP, of t h e  o b j e c t i v e  f u n c t i o n ’ i s  e v a l u a t e d  as  we13 as t h e  
g r a d i e n t s  of NGT c o n s t r a i n t s  de f ined  by v e c t o r  IC. 

BEGIN 

DIMENSION ARRAYS 

DEFINE BASIC VARIAB.LES 

IGRAD + 1 

INFO C- -2 

CALL ADS (INFO. . . ) 
OVER-RIDE DEFAULT PARAMETERS 
WICH ARE NOW CONTAINED I N  

ARRAYS WK AND IWK IF  DESIRED 

EVALUATE EVALUATE 
OBJECTIVE GRADIENT OF 

CONSTRAINTS AND SPECIFIED 
OBJECTIVE 

CONSTRAINTS 

Figure 3: Progrsu Flow Logic; Over-ride D e f a u l t  
Parameters and Provide Grad ien t s  

. 7  



4.0 USER INSTRUCTIONS -- 
I n  t h i s  s e c t i o n ,  t h e  u s e  of t h e  ADS program is o u t l i n e d .  The 

FORTRAN C a l l  statement to  ADS is g l v e n  f i r s t ,  and t h e n  t h e  parameters  i n  
t h e  c a l l i n g  statement are def Ined. S e c t i o n  4.3 I d e n t i f i e s  p a r a m e t e r s  
t h a t  t h e  u s e r  may w i s h  t o  o v e r - r i d e  t o  make more e f f e c t i v e  u s e  o f  ADS. 
Arrays are des igna ted  by boldface p r i n t .  

4.1 - C a l l i n g  Statement  

ADS is  invoked by the  f o l l o w i n g  FORTRAN c a l l i n  
u s e r  s program: 

stateme t i  t he  

CALL ADS (INFO,ISTRAT,IOPT,IONED,IPPINT,IGRAD,NDV,NCOX,X, 
* YLII ,VUB,OBJ,G,~ ,NGT,IC,DF,A,NRA,NCOLA,~ ,NRWK,IWI[ ,NRIWK)  

4.2 D e f i n i t i o n s  of Parameters  i n  t h e  ADS C a l l i n g  Statement - - --- 
Table  5 l i s t s  t h e  parametere i n  t h e  c a l l i n g  s ta tement  t o  ADS. Where 

a r r a y s  a r e  d e f i n e d ,  t h e  r e q u i r e d  d i m e n s i o n  s i z e  is g i v e n  a s  t h e  a r r a y  
argument. 

TABLE 5: PARAMETERS IN THE ADS ARGUMENT LIST 
PARAMETER DEFINITION 

INFO Informat ion  parameter. On t h e  f i r s t  c a l l  t o  ADS, I N F O 4  or -2. 
I N F O 4  is used i f  t h e  u s e r  does n o t  wish t o  over - r ide  i n t e r n a l  
parameters  and INFO-2 is used i f  Internal parameters  are t o  be 
changed. When control  r e t u r n s  form ADS t o  the  c a l l i n g  program, 
INFO w i l l  have a v a l u e  of 0, 1, or 2. I f  INFO=O, t h e  
o p t i m i z a t i o n  is complete. I f  INFO=l, t h e  user must e v a l u a t e  
the  o b j e c t i v e ,  OW, and constraint  f u n c t i o n s ,  G(I), I= l ,NCON,  
and call ADS again.  I f  INFO-2, t h e  u s e r  must e v a l . u a t e  t h e  
g r a d i e n t  of t h e  o b j e c t i v e  and t h e  NGT c o n s t r a i n t s  i d e n t i f i e d  by 
the  v e c t o r  IC, and c a l l  ADS again.  I f  t h e  g r 2 d i e n t  c a l c u l a t i o n  
c o n t r o l ,  IGRAD=O, INFO12 will neve r  be r e t u r n e d  from ADS, and 
a 1  1 gradient  in format ion  I s  c a l c l u a t e d  by f i n i t e  d i f f e r e n c e  

w i t h i n  ADS. 
ISTRAT Optimizat ion s t r a t e g y  t o  be used. Avai ; .able  o p t i o n s  are 

IOPT Optimizer t o  be used. A v a i l a b l e  o p t i o n s  a r e  i d e n t i f i e d  in 

l U N E D  One-dimensional search  a lgo . r i thm t o  be used. Avai l  a b l e  o p t i o n s  

i d e n t i f i e d  i n  T a b l e s  1 and 4. 

T a b l e s  2 and  4. 

are i d e n t i f i e d  i n  T a b l e s  3 t n d  4. 
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TABLE 5 CONTINL'ED: PAHAMETE,= I N  THE ADS ARGUMENT LIST 
PARAMETER DEFINITION 

IPRINT 

IGRAD 

NDV 

NCON 

X( NDV+l  ) 

A fou r -d lg i t  p r i n t  c o n t r o l .  IPRINT=IJKL where I,  J ,  K and L 
have t h e  fo l lowing  def  i n i t i o n s :  
I ADS system p r i n t  control. 

0 - No p r i n t .  
1 - P r i n t  i n i t i a l  and f i n a l  i n f o x s a t i o n .  
2 - Same as 1 p l u s  parameter va lues  and storage needs. 
3 - Same .as 2 p l u s  s c a l i n g  in fo rma t ion  c a l c u l a t e d  by ADS. 

0 - No p r i n t .  
1 - Print.  i n i t i a l  and f i n a l  o p t i m i z e t i e n  i n f Q r z a t i a n .  
2 - Same as 1 p l u s  OBJ and X a t  each  i t e r a t i o n .  
3 - Same as  2 p l u s  G a t  each  i t e ra t ion .  
4 - Same as 3 p l u s  intermediate informat ion .  
5 - Same as 4 p l u s  g r a d i e n t s  of c o n s t r a i n t s .  

0 - No p r i n t .  
1 - P r i n t  i n i t i a l  and f i n a l  o p t i m i z a t i o n  informat ion .  
2 - Same as 1 p l u s  O B J  and X a t  e a c h  i t e r a t i o n .  
3 - Sane as 2 p l u s  c o n s t r a i n t s  a t  each  i t e r a t i o n .  
4 - Same as  3 p l u s  intermediate o p t i m i z a t i o n  and 

one-dimensiona 1 sea rch  informat ion .  
5 - Same as 4 p l u s  g r a d i e n t s  of c o n s t r a i n t s .  

0 - No p r i n t .  
1 - One-dimensional s e a r c h  debug informat ion .  
2 - More of tk same. 

J S t r a t s g y  p r i n t  control .  

K Optimizer p r i n t  control.  

L One-Dimensional s e a r c h  p r i n t  c o n t r o l ,  (debug only) .  

Example: IPRINT-3120 cor responds  t o  113, J=l, K-2 and  L=O. 
NOTE: IPRINT can be changed a t  any time cont ro l  is r e t u r n e d  t o  

Gradien t  c a l c u l a t i o n  control. I f  XGKAO=O is  i n p u t  t o  ADS, a l l  
g r a d i e n t  computations are done w i t h i n  ADS by f i r s t  forward 
f i n i t e  d i f f c rence .  I f  IGRAD-1, t h e  u s e r  w l 1 1  s u p p l y  g r a d i e n t  
i n fo rma t ion  as i n d i c a t e d  by t h e  v a l u e  of INFO. 
Numk: of des ign  v a r i a b l e s  conta ined  i n  v e c t o r  X. NDV is t h e  
same as n i n  t h e  mathematical  problem s ta tement .  
Number of cor rs t ra in t  v a l u e s  cofitained i n  a r r a y  G. NCOS is t h e  
same as  m+ i n  t h e  mathematical  problein s t a t emen t  g i v e n  i n  
S e a i o n  1.0. NCON-0 is a l lowed.  
Vector c o n t a i n i n g  the  d e s i g n  v a r i a b l e s .  On t h e  f i r s t  c a l l  t o  
ADS, t h i s  is t h e  u s e r ' s  i n i t i a l  eetinrate t o  t h e  design.  On 
r e t u r n  from ADS, t h i s  is t h e  des ign  fo r  which f u n c t i o n  or 
g r a d i e n t  v a l u e s  are required.  On t h e  f i n a l  r e t u r n  from ADS 
(INFO-0 is  returned) ,  t h e  v e c t o r  X c o n t a i n s  the  optimum design. 

t h e  use r .  

VLB 

VUB 

NDV+l) Array con ta in ing  iower bounds on t h e  des ign  v a r i a b l e s ,  X. - I f  
no lower bounds are imposed on one or more of t he  des ign  
v o r i a b l e s ,  the  cor responding  component(6) of VLB must be set t o  
B large n e g a t i v e  number, s a y  -1.OE+15. 

NI)V-'j ArLay con ta in ing  upper bounds o n  t h e  des ign  v a r t a b l e s ,  X. I f  
ric Gpper boundn are imposed on one or more of t he  des ign  
. o r k b l e s ,  the  cor responding  component(8) of VUB must be s e t  t o  
c r4rge  p o s i t i v e  number, s a y  1.OE+15. 
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TABLE 5 CONTINUED: PARAMETERS IN THE AUS ARGU’MEKT LXST 
PARAMETER DEFINITION 

OB J Value of t h e  object i .ve f u n c t i o n  correP..JLiding t o  t h e  c u r r e n t  
v a l u e s  of t he  des ign  v a r i a b l e s  containe,  i n  X- On the  f i r o t  
c a l l  t o  ADS, O B J  need not  be defined. ADS w + l l  r - e t w n  a v a l u e  
of INFO-1 t o  i n d i c a t e  t h a t  t he  user must e v a i b  te OBJ  and c a l l  
ADS again.  Subsequent ly ,  any t i m e  a v a l u e  of IN?O=l i s  
re tu rned  from ADS, the  o b j e c t i v e ,  OB.J, must be e v a l u a t e d  f o r  
t h e  c u r r e n t  des ign  and ADS must be  c a l l e d  again.  
saffie meaning as F(X) i n  the mathematical  problem statemeat 
g i v e n  i n  S e c t i o n  1.0. 
Array con ta in ing  NCON c o n s t r a i n t  v a l u e s  corresponding t o  che 
c u r r e n t  design con ta ined  i n  X. On the  f i r s t  c a l l  t o  ADS, t h e  
c o n s t r a i n t  v a l u e s  need n o t  be def ined.  On r e t u r n  from ADS, i f  
INFOa1, t he  c o n s t r a i n t s  must be e v a l u a t e d  f a  the c u r r e n t  X and 
ADS c a l l e d  again.  I f  N C O N m O ,  a r r a y  G shou ld  be dimensioned t o  
u n i t y ,  but no c o n s t r a i n t  v a l u e s  need t o  be prcvided. 

IDG(NC0N) Ar ray  con ta in ing  i d e n t i f i e r s  i n d i c a t i n g  t h e  type  of t h e  
c o n s t r a i n t s  con ta ined  i n  a r r a y  G. 
lDG(1) = -2 f o r  l i n e a r  e q u a l i t y  c o n s t r a i n t .  
I!X(I) . -1 f o r  non l inea r  e q u a l i t y  c o n s t r a i n t .  
IDG(1) - 0 o r  1 f o r  n o r l i n e a r  i n e q u a l i t y  c o c a t r a i n t .  
IDG(1) = 2 f o r  l inear i n e q u a l i t y  c o n s t r a i n t .  
NOTE: I n  ADS Vers ion  1.00, e q u a l i t y  c o n s t r a i n t s  are o n l y  
o p e r a t i o n a l  f o r  SUMT methods, ISTRAT=1,5. 

NGT is def ined  by ADS as the  minimum of NCOLA and NCON and is 
r e tu rned  LO t he  user. 

IC(NGT) Array i d e n t i f y i n g  c o n s t r a i n t s  f o r  which g r a d i e n t s  a re  required.  
I C  is de f ined  by ADS and r e tu rned  t o  the user. I f  INFC=2 is 
i-eturned t o  th. 1t8p_r, t h e  g r a d i e n t  of t h e  ob je . c t ive  and t h e  NGT 
c o n s t r a i n t 8  must be e v a l u a t e d  and s t o r e d  i n  a r r a y s  DP and A, 
r e s p e c t i v e l y ,  and ADS m u s t  be c a l l e d  again.  

DP(NDV+l) Array con ta in ing  the  g r a d i e n t  of t h e  object-ive corresponding 
t o  t h e  c u r r e n t  X. 
INFOIL ie r e tu rned  from ADS. This  w i l l  nut occur i f  IGRAD=O, 
i n  which case a r r a y  DF is e s l u a t e d  by M.S. 

i d e n t i f i e d  Le, a r r a y  IC. That i b ,  column J of a r r a y  A c o n t a i n s  
t h e  g r a d i e n t  of c o n s t r a i n t  numbe- K, wt;ere K=IC(J). Array A 
must bc def ined by i h e  ilser when INFO-L is r e t u r n e d  from ADS 
and when NGT.GT.0. Th i s  w i l l  not occur i f  IGRAD-0, i n  which 
case, a r r a y  A is e v a l u a t e d  by U S .  NRA i s  t h e  dimensioned 
row0 of atray A.. NCOLA is t h e  dimensioned columns of array 8. 

-- 

O B J  has  t h e  

G(NC0N) 

NGT Number of c o n s t r a i n t s  f o r  which g r a d i e n t s  must be s u p p l i e d .  

Array DP Ltust be d e f i n e d  by t h e  u s e r  when 

A(NRA,NCOA) Array  c - n t a i n i n g  the  gradif .ncs  of the  NGT c o n s t r a i n t s  

N U  Dimensioned rows of a r r a y  A. N U  must be a t  ;-est ?rDV+l. 
NCULA Dimensioned columns of array A. NCOLA ..chould be a t  leas t  t h e  

minimum of NCON and 2*NDV. 
f f  gradLents a’:e e a s i l y  provided o r  are c a l c u l a t e d  by f!.nlte 
d i f f e r e n c e ,  triefi NCOLA=NCON+NDV is i d e a l .  

UK(NRWK) User p’:ovic’ed work array f o r  real  v a r i a b l e s .  Array Yg is used 
t o  s t o r e  interrlal s c a l a r  v a r i a b l e s  and a r r a y s  used by ADS. WK 
m e t  he dimsnsioned a t  least  100, but u s u a l l y  much l..rger. I‘ 
t!ie use h 8 not provided enough s t o r a g e ,  ADS w i l l  p r i n t  t h e  
a p p r o p r i a t e  niessage and terminate t h e  opt imizat ion.  

I f  encmgh s t o r a g e  is a v a i l a b l e ,  ami 
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T A B L ~  s CONCLUDED: PARAMETERS IN THE ADS mcuk.A*r m r  
PARAMETER DBF INITlON 
NRWK Dirsensioned s i z e  of work a r r a y  YK. A good estimate i s  

NRWK - 500 + 10*(NDV+NCON) + NCOLA*(NCOLA+3) +N*(N/2+1), where 
N - MAX(NDV,NCOJA). 

Array IWK i s  
used t o  store i n t e r n a l  scalar v a r i a b l e s  and a r r a y s  used by ADS. 
IYK n u s t  be dimensioned a t  l eas t  200, but  u s u a l l y  much la rger .  
I f  the  u s e r  has  no t  p rov ided  enough storage,  AOS w i l l  p r i r c  the 
a p p r o p r i a t e  message and t e rmina te  rhe opt imiza t ion .  

NRIClK = 200 + NDV A NCON + N + MAX(N,2*NDV), where 
N - NAX(NDV,NCOLX). 

IWK(NPIL.X) User provided work a r r a y  f o r  i n t e g e r  v a r i d b l e s .  

NliIKK Dimensioned s i z e  of uork a r r a y  IWK. A good estimate is 

5.3 Over-Pidtng ADS Defaul t  Parameters  - --- 
Various  i n t e r n a l  parameters are de f ined  01, t he  f i r s t  c a l l  t o  ADS 

whicn  work w e  11 f o r  t h e  " a v e r a g e "  o p t i m i z a t i o n  t a s k .  However, i t  i s  
o f t e n  d e s i r a b l e  to change these i n  o rde r  .'o g a i n  maximum u t i l i t y  of t h e  
program. This  mode of o p e r a t i o n  is shown i n  F i g u r e s  2 and 3. A f t e r  t h e  
f i r s t  C a l i  to  ADS, v a r i o u s  real  and i n t e g e r  s ca l a r  p a r a m t e r s  are s tored  
i n  a r r a y s  YK a n d  IWY r e s p e c t i v e l y .  Those which t h e  u s e r  may w i s h  t o  
change a re  l i s t e d  i n  Tables 6 t h r o u g h  9 ,  t o g e t h e r  w i t h  t h e i r  d e f a u l t  
v a l u e s  and d e f i n i t i o n s .  Lf t h e  u8er  wishes to change any of these ,  t h e  
a p p r o p r i a t e  coinponent of WK or  IUK is s imply  re-defined a f t e r  t h e  f i r s t  
call t o  ADS. F o r  e x a m p l e ,  i f  t h e  r e l a t i v e  c o n v e r g e n c e  c r l t e r i o n ,  
D E L O S J ,  !.s t o  be changed t o  0.002, t h i s  i s  done w i t h  t h e  FORTRAN 
s t a t emen t  ; 

Wn(l2) = c.002 

because yK(12j con ta ins  t h e  va lue  of DELOSJ. 



?ABLE 6: W. PARAMETERS STORED ARRAY VP; 

PARAMETER LOCATION DEFAULT ISTRAT IOPT IONED 
MODULES WHEW USED 

ALAMDZ 
BETAMC 
CT1 
CTL 
CTLMIN 
CTHIN 

DABOB J 
CABOBM 
DAB STR 

DELOBJ 
DLLOBM 
DELSTR 
DLOB J 1 
DLOB '2 
D X 1  
DX2 
EPSPEN 
EXTRAP 
FDCH 
FDCHM 
Q4uLTz 
PSAIZ 
ilMULT 
WVLMz 
BP 
RPtiiX 
RPMU LT 
RPPP.IN 
RTPRIM 
c C P') 
SCLMIN 
STOL 
TWTAZ 
X.WiJLT 
2 KO 

DABALP2 

3 z w 3  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14  
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

~~~ ~ 

0.0 
0.0 

-0.03 
-0.005 
0.001 
0.01 
0.0001 

ABS (PO) / 10000 
ABS (FO ) / 1000 
ABS( FO)/ 10000 

0.005 
0.001 
0.01 
0.OOi 
0.1 

1000.0 
0.01 
0.7 
-0.05 

5 .0  
0.01 
0 . 00 '- 

10.0 
0.95 
5.0 
0.2 
10.0 
1 .OE+10 
0.2  
1 .OE-10 

100.0 
1 .o 
0.001 
0.001 
0.1 
2.618034 
0.00001 

1 I f  IOPT-4, cT1-0.1 
2 I f  I3NED=3 or 8, DABAJ2=0.001 
:J I! IONED-3 or 8 ,  DELALP4.05 

ALL 
ALL 
ALL - 

ALL 
ALL - 

ALL 

- 
ALL 
ALL 
4 ,5  
4 9 5  - 
ALL 

ALL 
ALL 

NOTE: FO is the objective fi lr .ct ion value f o r  t h e  i n i t i a l  desi].,.,. 
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TABLE 7 :  D E F I N I T I O N S  OF REAL PARAMETERS COKTAINED I N  ARRAY WK 

PARAMETER D E F I N I T I O N  

ALAM DZ 

BETAMC 

CT 

CTL 
CTLMIN 
CTMZN 

DABALP 

DABOZ J 

DABOBd 

DABSTR 
DELALP 

DELOBJ 

DELOBM 

DELSTR 
DLOBJl  

DLOBLZ 

DX 1 

DX 2 

EPSPEN 

EXTRAP 

I n i t i a l  e s t i m a t e  of t h e  Lagrange M u l t i p l i e r s  i n  t h e  Augmented 
Lagrange Mu 1 t i p  1 ie r  Method. 
Add i t iona l  s t e e p e s t  descen t  f r a c t i o n  i n  t h e  method of c e n t e r s .  
A f t e r  moving t o  t h e  c e n t e r  of t h e  hyperspbore, a s t e e p e s t  
descent  move is made equa l  t o  BETAMC times t h e  r a d i u s  of t h e  
hypersphere.  
C o n s t r a i n t  t o l e r a n c e  in t h e  Method cif F e a e i t l e  D i r e c t i o n s  o r  
t h e  Houif ied Method of F e a s i b l e  Di rec t ion .  A c o n s t r a i n t  is 
a c t i v e  i f  i t s  numerical  va lue  is amre po: Ave t h a n  CT. 
Same as CT, but  f o r  l i n e a r  c o n s t r a i n t s -  
Same as CTMIN,  but f o r  l i n e a r  c o n s t r a i n t s .  
Minimum c o n s t r a i n t  t o l e r a n c e  f o r  n o n l i n e a r  Zonstraints .  I f  a 
c o n s t r a i n t  is more p o s i t i v e  t h a n  CTMZN, i t  is cons ide red  t o  
be v i o l a t e d .  
Absolute convergence c r i t e r i a  f o r  t h e  one-dlmensional s e a r c h  
when us ing  t h e  Golden S e c t i o n  method. 
Maxiaum a b s o l u t e  change i n  t h e  o b j e c t i v e  between two 
consecu t ive  i t e r a t i o n s  t o  i n d i c a t e  convergence i n  
op t imiza t ion .  
Absolute convergence c r i t e r i o n  f o r  t h e  o p t i m i z a t i o n  sub- 
problem when us ing  s e q u e n t i a i  minimizat ion techniques.  
Same as W B ; ,  but used a t  t h e  b t r a t e g y  l e v e l .  
R e l a t i v e  convergence c r i t e r i a  f o r  the one-dimensional s e a r c h  
when using t h e  k l d e n  S e c t i o n  method. 
Maximcm r e l a t i v e  change i n  the o b j e c t i v e  between two 
c o n s e c u t i v e  i t e r a t i o n s  t o  i n d i c a t e  convergence i n  
op ti miza t ion. 
R e l a t i v e  convergence c r i t e r i o n  f o r  t h e  o p t i m i z a t i o n  sub- 
problem when UBI% s e q u e n t i a l  minimizat ion techniques.  
Same as DELOBJ, but used a t  t h e  s t r a t e g y  level. 
d e l a t i v e  change i n  t h e  o b j e c t i v e  f u a c t i o n  at tempted on t h e  
f i r s t  o p t i m i z a t i o n  i t e r a t i o n .  Used t o  estinrate i n i t i a l  move 
i r r  t h e  one-dimensional search.  Updated as the  
op t  f mizat i o n  p rogres ses .  
Absolute change i n  t h e  o b j e c t l v e  f u n c t i o n  a t t empted  o n  t h e  
f i r s t  o p t i m i z a t i o n  i t e r a t i o n .  Used to estimate i n i t i a l  move 
in t he  one-dimeneional s ea rch .  Updated a a  t h e  
o p t i m i z a t i o n  p rogres ses .  
Maximum r e l a t i v e  change in a d e s i g n  v a r i a b l e  a t t empted  on t h e  
f i r s t  o p t i m i z a t i o n  i t e r a t i a n .  Used t o  =stimate t h e  i n i t i a l  
move i n  t h e  one-dimensionzJ. s ea rch .  Updated as t h e  
o p t i m i z a t i o n  progressee.  
Maximum a b s o l c t e  change in a d e s i g n  v a r i a b l e  a t t e n p t e d  on t h e  
f i r r r t  o p t i m i z a t i o n  i t .erat i r rn .  
move i n  t h e  one-dineneional  s e a r c b  Updated as  t h e  
o p t i m i z a t i o n  progreaeee.  
I n i t i a l  t r a n s i t i o n  p o i n t  f o r  extended p e n a l t y  f u n c t i o n  
methods. Updated as t he  op t imiza t ion  progresses .  
Maximum m u l t i p l i e r  on t h e  one-dimensioral  s e a r c h  parameter,  
ALPHA i n  t h e  oce-dimensional s ea rch  using polynomial  
i n  t e ry o!.at i on/ext  ra pola t ion. 

Used t o  e s t i m a t e  t h e  i n i t i a l  
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TABLE 7 CONCLUDED: DEFINITIONS OF REAL PARAMETERS CONTAINED I N  BBBBY WK 
PARAMETER DEFINITION 

FDCH 
FDCLIM 

GMULTZ 
PSP.12 

RMULT 

RMVLMZ 

Rp 

RpMAx 

RPMULT 
IRRPMIN 
RPPRI M 

SCFO 

SLXMIh 
STOL 

TBETAZ 

XMULT 

ZRO 

TABU3 8: 

PARAMETER 

R e l a t i v e  f i n i t e  d i f f e r e n c e  s t e p  when c a l c u l a t i n g  g r a d i e n t s .  
Minimum a b s o l u t e  v a l u e  of t h e  f i n i t e  d i f f e r e n c e  s t e p  when 
c a l c u l a t i n g  g r a d i e n t s .  Th i s  prevents  r& small a s t e p  when 
X ( 1 )  i s  n e a r  zero.  
I r i t i a l  pena l ty  parameter i n  S e q u e n t i a l  Quadra t i c  programming. 
Move f r a c t i o n  t o  a v o i d  c o n s t r a i n t  v i o l a t i o n s  i n  S e q u e n t i a l  
Quadra t i c  Programming. 
Pena l ty  f u n c t i o n  m u l t i p l i e r  for t h e  e x t e r i o r  p e n a l t y  f u n c t i o n  
method. Must be g r e a t e r  than 1.0. 
I n i t i a l  relative move l i m i t .  Used t o  se t  t h e  move l i m i t s  i n  
s e q u e n t i a l  l i n e a r  profraaning, @-+.hod of i n s c r i b e d  
hyperspheres  and s e q u e n t i a l  q u a c r a t i c  programming as a 
f r a c t i o n  of t h e  va lue  of X(I ) ,  I = l , N D V .  
I n i t i a l  pena l ty  parameter  f o r  t h e  e x t e r i o r  p e n a l t y  f u n c t i o n  
method or t h e  Augmented Lagrange M u l t i p l i e r  method. 
Max imum v a l u e  of RP f o r  t h e  exterior p e n a l t y  f u n c t i o n  method 
o r  t h e  Augmented Lagrange M u l t i p l i e r  method. 
M u l t i p l i e r  on RP f o r  consequt ive i t e r a t i o n s .  
Minimum value of RPPRIM t o  i n d i c a t e  convergence 
I n i t i a l  p e n a l t y  parameter  f o r  extended i n t e r i o r  p e n a l t y  
f u n c t i o n  methods. 
The user-suppl ied v a l u e  of t h e  scale f a c t o r  f o r  t h e  o b j e c t i v e  
f u n c t i o n  i f  t h e  d e f a u l t  o r  c a l c u l a t e d  v a l u e  is t o  be over-  
r idden.  
Minimum numerical va lue  of any scale f a c t o r  allowed. 
To le rance  on t h e  camponents of t he  c a l c u l a t e d  sea rch  d i r e c t i o n  
t o  i n d i c a t e  t h a t  t h e  Kuhn-Tucker condi.tions are s a t i s f i e d .  
Nomical v a l u e  of t h e  push-off f a c t o r  i n  the  Method of F e a s i b l e  
Directions. 
M u l t i p l i e r  on t h e  move parameter,  ALPHA, i n  t h e  one- - 

dimensional s ea rch  to f i n d  bounds on t he  s o l u t i o n .  
Numerical estimate of z e r o  on t h e  canputer.  U s u a l l y  t h e  
d e f a u l t  v a l u e  is adequate. 
l e n g t h  is used,  ZRO=l.OE-4 may be p r e f e r r e d .  

I f  a computer with a s h o r t  word 

INTEGER PARAMETERS STORED I N  ARRAY M 
MODULES WHERE USED 

LOCATION DEFAULT ISTRAT IOPT ' IONED 

ICNDIR 
ISCAL 
Ilr* x 
ITRMOP 
I i'RMST 
JCNED 
JTMAX 
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TABLE 9 .  DEFINITIONS OF INTEGER PARAMETERS CONTAINED I N  ARRAY IUX 
PARAMETER DEFINITION 

Restart parameter f o r  con juga te  d i r e c t i o n  and v a r i a b l e  metric 
methods. Unconstrained minimizat ion is r e s t a r t e d  with a 
s t e e p e s t  descen t  d i r e c t i o n  every I C N D I R  i t e r a t i o n s .  
S c a l i n g  parameter. I f  ISCAL-0,  no scaling is done. I f  
ISCALP1, t h e  des ign  v a r i a b l e s ,  o b j e c t i v e  and c o n s t r a i n t s  a re  
s c a l e d  au tomat i ca l ly .  
Maximum number of i t e r a t i o n s  allowed a t  t h e  o p t i m i z e r  l e v e l .  
The number of c o n s e c u t i v e  i t e r a t i o n s  f o r  which the  a b s o l u t e  o r  
r e l a t i v e  convergence c r i te r ia  mdst be m e t  t o  i n d i c a t e  
convergence a t  the  op t imize r  l e v e l .  
The nuaber of c o n s e c u t i v e  i t e r a t i o n s  f o r  which t h e  a b s o l u t e  o r  
r e l a t ive  convergence criteria must be m e t  t o  i n d i c a t e  
convergence a t  t h e  s t r a t e g y  l e v e l .  
The one-dimensional s e a r c h  parameter (IONED) t o  be used $n t h e  
S e q u e n t i a l  Q u a d r a t i c  Programming method a t  t h e  s t r a t e g y  l e v e l .  
Maximum number of i t e r a t i o n s  allowed a t  the  s t r a t e g y  l e v e l .  

4.4 User-Supplied Grad ien t s  - -Y 

I f  1: is c o n v e n i e n t  t o  s u p p l y  a n a l y t i c  g r a d i e n t s  t o  ADS, r a t h e r  
t h a n  u s i n g  i n t e r n a l  f i n i t e  d i f f e r e n c e  c a l c u l a t i o n s ,  c o n s i d e r a b l e  
o p t i m i z a t i o n  e f f i c i e n c y  i s  a t t a i n a b l e .  I f  t h e  u s e r  w i s h e s  t o  s u p p l y  
grad1 n t s ,  t h e  f l o w  l o g i c  g i v e n  in Figure 3 is used. I n  t h i s  case, t h e  
i i f o m a t i o o  parameter, INFO, w i l l  be r e t u r n e d  t o  t h e  u s e r  w i t h  a v a l u e  
of INF’0112 when g r a d i e n t s  a r e  needed. The u s e r  c a l c u l a t e s  t h e  NGT 
g c a d i e i t n  of t h e  c o n s t r a i n t s  i d e n t i f i e d  by a r r a y  I C  and s t o r e s  t h e s e  i n  
t h e  f i t s t  NGT co lumn8  of a r r a y  A. T h a t  is co lumn I of  A c o n t a i n s  t h e  
g r a d i e  .t of c o n s t r a i n t  J, where J=IC(I). 

4.5 Restircing ADS - -- 
When -3olving l a r g e  and coanplex design problems, o r  when m u l t i - l e v e l  

o p t i m i z a t i m  is being performed, i t  is o f t e n  d e s i r a b l e  t o  t e rmina te  the  
o p t i m i z a t i o n  p rocess  and res tar t  from t h a t  p b i n t  a t  a l a t e r  t i m e .  T h i s  
i s  e a s i l y  a c c o m p l i s h e d  u s i n g  t h e  ADS program. F i g u r e  4 p r o v i d e s  t h e  
b a s i c  flowchcmt f o r  +h:3 process. Whenever c o n t r o l  is r e t u r n e d  from ADS 
t o  t h e  c a l i i n g  progL .a, t h e  e n t i r e  c o n t e n t s  of t h e  p a r a m e t e r  l i s t  are  
w r i t t e n  t o  c i s k  ’ : r  a f i l e  i n  a d a t a b a s e  management system).  The 
program is thei.  topped a t  t h i s  point.  Lqter ,  the program is  r e s t a r t e d  
by r e a d i n g  t h e  i n f o r m a t i o n  back f r o m  d i s k  and  c o n t i n u i n g  from t h i s  
point.  I f  o p t i m i z a t i o n  is performed as a sub-problem w i t h i n  a n a l y s i s ,  
t h e  i n f o m a r i o n  from t h e  sys tem l e v e l  o p t i m i z a t i o n  is w r i t t e n  t o  d i s k  
and t h e  a n a z y s i s  i s  c a l l e d .  The a n a l y s i s  modu le  c a n  t h e n  c a l l  ADS t o  
pe r fo?  t h e  sub-optimizetion task. Then, upon r e t u r n  from a n a l y s i s ,  t h e  
s y s  em l e v e ;  informarlon is  read back from s t o r - p e  and the o p t i m i z a t i o n  
proceeds as *isual .  Proc t h i s ,  i t  i s  s e e n  that c o n s i d e r a b l e  f l e x i b i l i t y  
e x i s t s  f o r  m u l t i -  l e v e l  and m u l t i - d i s c i p l i n e  op t imiza t ion  wfth ADS, where 
t h e  ADS prc:L-. B i s  u s e d  f o r  m u l t i p l e  t a s k s  w i t h i n  t h e  o J e r a 1 1  d e s i g n  
process .  



The u s e r  may wish t o  s t o p  t h e  o p t i m i z a t i o n  a t  s p e c i f i c  times d u r i n g  
t h e  process.  The parameter IMAT is a r r a y  IVK gives g e n e r a l  i n fo rma t ion  
r ega rd ing  t h e  p rogres s  of t h e  opt imizat ion.  Appendix B p r o v i d e s  d e t a i l s  
of t h i s  parameter as w e l l  as o t h e r  parameters s t o r e d  i n  WA and IWK which 
may be u s e f u l  t o  t h e  experienced u s e r  of ADS. 

BEGIN 

CALL ADS \INFO,.  . . 1 

WRITE CONTENTS OF 
ADS PARAMETER LIST 

ONTO DISK FILE 

READ CONTENTS OF 
ADS PARAMETER LIST 

FROM DISK FILE 

4 
EXIT 

CONTINUE 

F igure  4: Restarting ADS 

4 . 6  - Choosing Algcrltlim - -- - 
One a l f i l r u l t y  w i t h  a program such as ADS, which p r o v i d e s  numerous 

op t ions ,  icr t h a t  of p i ck ing  the  beet  combination of a l g o r i t h m s  t o  s o l v e  
a g i v e n  problem. While it is not p o s s i b l e  t o  p r o v i d e  a c o n c i s e  s e t  of 
rules,  some g e n e r a l  g u i d e l i n e s  are o f f e r e d  he re  based oil t he  a u t h o r ' s  
e x p e r i e n c e .  The user is o t r o n g l y  e n c o u r a g e d  t o  t r y  many d i f f e r e n t  

p t l o n s  i n  3 r d e r  t o  g a i n  f a m i l i a r i t y  w i t h  ADS and  t o  i m p r o v e  t h e  
p r o b a b i l i t y  t h a t  t h e  b e s t  c o m b i n a t i o n  of  a l g o r i t h m s  I s  f o u n d  f o r  t h e  
p a r t i c u l a r  class of problems being solved.  
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UNCONSTRAINED FUNCTIONS (NCON=O, S ide  C o n s t r a i n t s  OK) 

lSTRAT=O 

Is computer s t o r a g e  very l i m i t e d ?  
Yee - IOPTI.1. Are func t ion  eva lua t ions  expensive? 

Yes - Is the  o b j e r t i ~ e  known t o  be approximately q u a d r a t i c ?  
Tes - 10-4 
NO - IOk’EDp3 

No - I O N E D r l  o r  2 

Yes - IOPTm3. Are func t ion  eva lua t ions  expensive? 
No - Is t h e  a n a l y s i s  i t e r a t i v e ?  

Yes - Is t h e  o b j e c t i v e  known t o  be approximately q u a d r a t i c ?  
Yes - IONED=?, 
NO - IONEDo3 

NO - IONEWI 2 

Yes - Is t h e  o b j e c t i v e  known t o  be approximately q u a d r a t i c ?  
Ns - POPTm2 o r  3. Are f u n c t i o n  e v a l u a t i o n s  expensive? 

Yes - IONED-4 
NO - IONEDa3 

No - I O N E D p l  or 2 

CONSTRAINED FUNCTIONS (NCON > 0) 

Are r e l a t i v e  minima known t o  e x i s t ?  
Yes - ISTRAT=l, IOPTm3. A r e  funct ior ,  eva lua t ions  expensive? 

Yes - IONED=3 
No - IONED=l o r  2 

Yes - Are func t ion  eva lua t ions  e x p e m i v e ?  
No - Are the  o b j e c t i v e  and/or  c o n s t r a i n t s  h i g h l y  non l inea r?  

Yes - ISTRATIO, I O P T = 4 ,  IONEDIT 
No - ISTRAT=Z, 3 o r  5 ,  IOPT-2 o r  3, IONED=l o r  2 
- Is t h e  des ign  expec ted  t o  be fu l ly -cons t r a ined?  

(i.e. NDV a c t i v e  c o n s t r a i n t s  at the  optimum) 
No 

Yes - ISTRAT.16, IOPT-5, IONED=6 
No - Is t h e  a n a l y s i s  i t e r a t i v e ?  

Yes - ISTRATsO, IOPT=4, IONED=7 or  

No - ISTRATIO, IOPT-5, IONED17 o r  
ISTRAT-8 , IOPT=5 , ZONED=7 

ISTRAT-8, IOpT=S, IONED=7 

GENEBAL APPLICATIONS 

Often l i t t l e  is known about t h e  n a t u r e  of t h e  problem be ing  so lved .  
a a e e d  on e x p e r i e n c e  w i t h  a w i d e  v a r i e t y  of p r o b l e m s ,  a v e r y  d i r e c t  
approach i s  g iven  here  f o r  us ing  ADS. The fQl lowing  t a b l e  of parameters  
i s  o f f e r e d  a8 a oequence  of  a l g o r i t h m s .  When u s i n g  ADS t h e  f i r s t  few 
times, t h e  user may p r e f e r  t o  r u n  t h e  c a s e s  g i v e n  h e r e ,  r a t h e r  t h a n  
u s i n g  t h e  d e c i s i o n  a p p r o a c h  g i v e n  above .  It is assumed h e r e  t h a t  
a cons t ra ined  op t imiza t ion  problem i s  being so lved .  I f  t h e  problem i s  
uncons t ra ined ,  ISTRAT=O, IOPT=3 and IONEPZ or 3 is recommended. 
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ISTRAT IOPT IONED IPRINT .* . 
OEi;,: :,- I 

2200 
2020 
2020 
2200 

3 3 2200 
2200 

3 3 2200 

OF POOR Q;-;-. .. .. 8 5 7 
0 5 7 
0 4 7 
6 5 6 
5 
2 3 3 
i 

5.0 EXAMPLES 
c_ 

Consider t h e  f o l l o w i n g  two-var iab le  o p t i m i z a t i o n  problem w i t h  t w o  
n o n l i n e a r  c o n s t r a i n t s :  

Minimize OBJ 2 E A l  + A2 

This  is a c t u a l l y  t h e  op t imiza t ion  of t h e  classical 3-bar truss shown io 
Figure  5 where, €o r  s i m p l i c i t y ,  only t h e  t e n s i l e  stress c o n s t r a i n t s  i n  
members 1 and  2 u n d e r  l o a d  P 1  are  i n c i , l ? d .  The I ~ a a s ,  PI a n d  P2,  a r e  
a p p l i e d  s e p a r a t e l y  and t h e  material specific weight is 0.1 lb. per c u b i c  
inch. The s t r u c t u r e  is  requ i r ed  t o  be symmetric so X(1) corresponds t o  
t h e  c r o s s - s e c t i o n a l  a r e a  of members 1 and 3 and X(2) c o r r e s p m d s  t o  t h e  
c r o s s - s e c t i o n a l  area of member 2. 

P i  * 20000 lb. P2 9 20000 lb .  

F igu re  5: Three-Bar T r u s s  
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5.1 Example 1; A l l  De fau l t  Parameters - 
F i g u r e  6 g i v e s  t h e  FORTRAN program t o  be u s e l  d i t h  ADS t o  s o l v e  

t h i s  problem. O n l y  one l i n e  of d a t a  is r e a d  by t h i s  program t o  d e f i n e  
t h e  v a l u e s  of  ISTRAT, IOPT,  I O N E D  and I P R I N T  and  t h e  FORMAT i s  415. 
When t h e  op t imiza t ion  is complete,  another  case may be run by reading a 
new set of data. The program t e rmina te s  when ISTRAT-1 is read as data .  

F igure  7 g i v e s  the  r e s u l t s  obitained wi th  ZSTRAT-0, IOPTm4, IONED=7 
and IPRINT=1000. The r e a d e -  :s e n c o u r a g e d  t o  e x p e r i m e n t  w i t h  t h i s  
program us ing  v a r i o u s  corabinatione of the  op t ions  from Tab le  4. 

5.2 - Fxanple & I n i t i a l  Parameters Are Modified - 
The 3-bar  truss d e s i g n e d  i n  S e c t i a n  5.1 is now d e s i g n e d  w i t h  t h e  

f o l l o w i n g  changes i n  t h e  i n t e r n a l  parameters : .  

Parameter New Value Locat ion i n  WK . Locat ion  i n  IWK 
~ 

CT -0.1 3 
CTMIN 0.002 6 
T1!ETAZ 1.0 35 
ITRMOP 2 - 
The FORTRAN program used here  is shown i n  F igu re  8 and the  r e s u l t s  

are g iven  i n  Figure 9. 

5.3 Example 3; Gradients  Suppl ied b~ t he  User 

The 3-bar  t r u s s  d e e i g n e d  in S e c t i o n s  5.1 and 5.2 is d e s i g n e d  h e r e  
wi th  user -suppl ied  g rad ien t s .  The parameters CT; CTMTN, CTMIN, THETAZ 
and ITRMOP are over-r idden as i n  Sec t ion  5.2. Also,  now IPRINTm2020 t o  
provide a more t y p i c a l  l e v e l  of op t imiza t ion  output .  

The FORTRAN program a s s o c i a t e d  w i t h  t h i s  e x a m p l e  is g i v e n  i n  
F igure  10. F igure  11 g i v e s  t h e  r e s u l t a .  

I_- - 
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C 
C 

C 

C 

C 

C 

C 

C 

C 

10 

C 

C 

20 
C 

30 
40 

SIMPLIFIED USAGE OF ADS. THE THREE-BAR TRUSS. 
REQUIRED ARRAYS. 
DIMENSION X( 3)  ,VLB( 3 )  ,WB( 3)  ,G( 2), IDb( 2 ) ,  IC( 2) ,DF( 3 )  ,A(2,2), 
1 WK(1000),IWK(500) 
ARRAY DIMENSIONS. 
NRA-2 
NCOLA=2 
NRWK= 1 000 
NRIWK-500 

IGRAD=O 
NDV-2 
NCON-2 

PARAMETERS 

INITIAL DESIGN. 
X(l)=l. . 
X( 2)-1. 
BOUNDS 
VLB( 1)a.Ol 
VLB(2)-.01 
VGB( l)-l .OE+2O 
WB(2)=1*OE+20 
IDENTIFY CONSTRAINTS AS NONLINEAR, INEQUALITY. 
IDG( 1 )PO 
IDG( 2)=0 

READ(5,30) ISTRAT,IOPT,IONED,IPRINT 
OPTIMIZE 
INFO=O 
CALL ADS (INFO,ISTRAT,IOPT,IONED,IPRINT,IGRAD,NDV,NCON,X,VLB, 

INPUT 

1 WB,OBJ,G,IDG,NGT,IC,DF,AJNRA,NCOLA,WK,NRWK,IWK,NRI~) 
IF (1NFO.EQ.O) GO TO 20 
EVALUATE OBJECTIVE AND CONSTRATNTS- 
OBJ=2. *SQRT( 2. ) *X( 1 )+X( 2 ) 

G(2)=.5/(X(l)+SQRT(2.)*X(2))-1. 
GO COdTINUE WITH OPTIMIZATION. 
GO TO 10 
CONTINUE 

WRITE ( 6 , 4 0 )  OB2 ,X( 1) ,X( 2) ,G( 1 ) , G( 2) 
STOP 
FORMAT (415) 
FORMAT (//5X,7HOPTZMUM,5X,5HOBJ =,E12.5//5X,6HX(l) =,E12.5,5X, 

END 

G( 1)=(2.*X( 1)+SQRT(i.)*X(2))/(2 .*X( 1)*X( 1)+SQRT(2. )*X(2)) )-1 

PRINT RESULTS. 

1 6HX(2) =,E12.5/5XJGHG(1) -,E12.5,5XJ6HG(2) ~,E12.5) 

Figure 6: Example  1; A l l  Default Parameters 
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AAAAA DDDDDD ssssss 
A A D  D S  
A A D  D S  
PAAAAAA D D SSSSS 
A A D  D S 
A A D  D S 
A A DDDDDD SSSSSS 

F O R T R A N  P R O G R A M  

F O R  

A U T O M A T E E  D E S I G N  S Y N T H E S I S  

V E R S I O N  I-OO 

CONTROL PARAMETERS 
ISTRAT = 0 I O P T  = 4 TONED = 7 I P R I N T  = 1000 
IGRAD = 0 NDV - 2 NCON - 2 

O B J E C T I V E  FUNCTION VALUE 0.26279EMl 

D E S I G N  VARIABLES 

LOWER UPPER 
V ARi .4E LE BOUND VALUE BOUND 

1 0.1OOOOE-01 0.781313+00 O.lOOOOE+21 .. 3 0.10000E-01 0.418043+00 0.10000E+21 

D E S I G N  CONSTRAINTS 

1) 0.4248E-02 -0.6357E+00 

FUNCTION E\rALUATTONS - 55 

OPTIMUM OBJ - 0.262793+01 
X ( 1 )  - 0.78131&+00 X(2) 0.41804EM0 
G(l) 0,424773-02 G( 2) --0.63570E+00 

Figure 7: Example 1; Output 
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C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
10 

C 

C 

20 
C 

30 
40 

LSACE OF &IS. OVEP:.RIDING DEFAULT PARAMETERS. 
THE THREE-t'AR TSUSS 
REQUIRED ARRAYS. 

1 WK( 1000) , IEX( 500 j 
DIMJNSION X:3;,tzP,(3),VUB(3),G(2),IDG(Z),IC(2),DF(3),A(2,2), 

ARRAY DIMENSIONS. 
m!=2 
NCOLA-2 
NRW= LO00 
NRIWKa 500 
PARAMETERS. 
IGRAD-0 
NDV=2 
NCONm2 
INITIAL DESIGN. 
X( 1)=1. 
X(2)=1. 

VLB( 1)- .01 

WB(l)=l.OE+20 

BOUNDS 

VLB( 2 )= 01 

WB(2)sL .OE+2O 
IDENTIFY CONSTRAINTS AS NONLINEAR, INEOUALITY. 
IN( l)=O 
IDG( 2)=0 
INPUT 
READ(5,30) ISTRAT,IOPT,IONED,IPRINT 
INITIALIZE INTERNAL PARAMETERS. 
INFO-2 
CALL ADS (INFO,ISTRAT,IOPT,IONED,IPRINT,IGRAD,NDV,NCONDX,VLB, 

1 WB,OBJ,G,IDG,NGT,IC,DF,A,NRA,NCOLADWK,NRWK,IWK,N~~) 
OVER-RIDE DEFAULT VALUES OF CT, CTMIN, THETAZ AND I T m P .  
WK(3)=-0.1 
WK(6)-0.002 
WK( 35)=1 .O 
IWK(4)=2 

CALL ADS (INFO,ISTRAT,IOPT,IONED,IPRINT,IGRAD,NDV,NCON,X,VLB, 
OPTIMIZE 

1 VUB,OBJ,G,IDG,NGT,IC,DF,A,NRA,NCOLA,WK,NRWK,IWlC,NRI~) 
IF (1NFO.EQ.O) GO TO 20 
EVALUATE OBJECTIVE AND CONSTRAINTS 
OBJ=2.*SQRT(2.)*X(l)+X(2) 
G( I)-( 2**X( l)+SQRT( 2- )*X( 2))/ (2 .*X( l)*X( l)+SQRT( 2. )*X( 2)))-1 
G(2)=.5/!X(l)+SQRT(2.)*X(2))-1. 
GO CONTINUE WITH OPTIMIZATION. 
GO TO 10 
CONTINUE 

WRITE:6,40) OBJ,X(l),X(2>,G(l),G(2) 
STOP 
FORM4T (415) 
FORMAT ( / / 5X ,  HOPT TI MUM, 5X, 5HOB J = ,E 1 2.5 / I' SX, 6HX( j ,  ) = ,E 12.5,51, 

END 

PRI!!! RESULTS 

1 6HX(2) -,E12*5/5X,6HG(l) =,E12*5,5X,6HG(Z) ~ , E 1 ; ! . 5 )  

Figure 8 :  Example 2; Modify Default Parameters 
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AAAAA DDDDDD ssssss 
A A D  D S  
A A D  D S  
A A A A A A A D  D SSSSS 
A A D  D S 
A A D  D S 
A A CDDDDD SSSSSS 

F O R T R A N  P R C I G R A M  

F O R  

A U T O M A T E D  D E S I G N  S Y N T H E S I S  

V E R S I O N  1-00 

CONTROL PARAMETERS 
I S T R A T  - 0 I O P T  = 4 IONED = 7 I P R I N T  = 1000 
IGRAD = 0 NDV = 2 NCON = 2 

C S J E C T I V E  FUNCTION VALUE 0*26396E+01 

DESIGN VARIABLES 

LOWER UPPER 
VARIABLE BOUND VALUE BOUND 

1 0. i ’  000E-01 0.787863+00 0 . 1 0 0 0 0 E + 2 1  
2 0 . 1 0 0 0 0 E - 0 1  0 . 4 1 1 2 1 E + 0 0  0.10000E+21 

DESIGN CONSTRAINTS 

1) -0 .2431E-03  - 0 . 6 3 4 9 E + 0 0  

FUNCTION EVALUATIONS - 20 

OPTIMUM OBJ m 0 . 2 6 3 9 6 E W l  

X(l) - 0 . 7 8 7 8 6 E M O  X ( 2 )  - 0 . 4 1 1 2 1 E + O O  
G ( l )  1 - 0 . 2 4 3 1 3 E - 0 3  G (  2 )  --0*634883+00 

Figure 9: Example 2;  Output 
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C 
C 
C 

C 

C 

c 

C 

C 

C 

C 

C 

C 
10 

C 

C 

lJSAGE C'F ADS. OVER-RIDiNG LBFAULT PARAMETERS, A N I  PROVIDING 
GRALIIENTS. 'ME FHREE-BAL: TRL'SS. 

DIMENSION X(3),Vl,B(3),VUI3(,),G(:2),IDG(2),IC(2),DF(3),A(2,2), 
1 WK( 1000) ,1W( 5 0 0 )  

DIMENSION B ( 2 , 2 )  

NRA.12 
NC0I.A-2 
NRWK-1 GOO 
NRIWK-SO0 
PARAMETER?. 
I G W = O  
NDv.12 
NCON=Z 
I N I T I A L  DESIGN.  

REQUIRED ARRAYS. 

ARRAY AIMENSPONS 

X( 1)=1" 
X ( 1 ) - 1 .  
BOUNDS 
V L B ( 1 ) = . 0 1  
V L B ( 2 ) = . 0 1  
VUu ( 1 )=l .0!?--20 

I D E N T I F Y  C O P ' S T M I N T S  AS NONLINEAR, INEQUALITY. 

IDG ( 2 ) -0 

READ(5,30) I!~TRA~,IOYT,IONED,IPRINT 
I N I T I A L I Z E  IhTERElAL PARAMETERS 
I rnO- -2  
CALL ADS (INFC' , ISTRAT,  I O P T  , IONED,  I P R I N T ,  IGRAD ,NDV ,NCON,X, I L B ,  

b ;UB(Z)=l  nOEm-20 

IX( 1)=0 

INPUT.  

1 WB,OBJ,G,IDG,NGT,IC,DF,A,NRA,NCOLA,WK,NRWK,IW,~~~) 
OVER-RIDE DEFALLT VALUES OF CT, CTMIN, THETA2 AND ! .TWP. 
WK(3)=-0.1 
WK(6)=0.002 

IWK( 4)-2 

CALL ADS (IN~O,ISTAV\T,XOPT,IONED,IPRINT, IGRAD,NDV,NCON,X,VLi3, 

WK( 3 5 ) 4  0 

O P T I M I Z E  

1 WB,OBJ,G,IDG,NGT,TC,DF,A,NRA,NCOLA,WK,WRWK,IkX,NRI~~~ 
I F  (1NFO.EQ.O) GO TC 60 
I F  ( INFO.GT.1 )  GO TO 20 
EVALUATE OBJECTIVE AND ZONSTRAINTS. 
OBJ=Z.*SQRT(2.)*X( l)+X(.Z) 
G(  1)-( 2 *X( l )+SQKT(  2. )*X( 2 )  ) /  (i *X( 1)*X( 1 )+SQRT( 2 )*X( 2 ) ) )-I 
C ( 2 ) - . 5 / ( X (  1 )+SQRT(2  . ) * X ( 2 ) ) - 1 *  
GO CONTINUE WITH OPTIMIZATION.  
GO TO 10 

F i g u r e  10: E x a m p l e  3; G r a d i e n t s  Svpp l l ed  by t h e  User 
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2 0  
C 

C 

C 

C 

C 

30 

60 
C 

30 
40 

. .  . i 
ORG: ;.:.: :. 

OF '''2 <.J, ;J. . - ,  lJ COST FNUE 
GRADIENT OF OBJ. 
DP( 1)=2 *SQRT:l ) 
DF( 2 ) - 1 . 0  
IF (NGT.EQ.0) GO TO 10 

D l  - ( X (  1 )+SQRT (X(  2 ) ) **2 
CONSTRAINT GRADIENTS. USE ARRAY B FOR TEMPORARY STORAGE- 

G(1).  
B ( ~ , ~ ) P - ( Z . * X ( ~ ) * ~ ~ ~ ) + ~ . * S Q R T ( ~ . ) * X ( ~ ) * X ( ~ ) + S ~ R T ( ~ . ) ~ X ( ~ ) * X ( ~ ) /  

B( 2,1)=-1. /(SQRT( 2 .  )*D1) 
G(2) 
B( 1,2)=-0.5/Dl 
B( 2 , 2  )=SQRT ( 2 .  )*&( 1 , 2  ) 

DO 30 J-1,NGT 
K-IC( J )  
A( 1 ,  J>-a( 1 ,  K l  
A ( 2 ,  J)=B( 2 , K )  
co To 10 
CONTiNUE 
PiUNT RESULTS. 
WRITE ( 6 ,40)  OB J , X( 1 > , X( 2 ) , G( 1 ) , G( 2 j 
STOP 
FORYAT (415)  
FORMAT ( / /5X, 7HOPT X W M ,  5X, 5H9B J = , E  I f .  5 / /5X, 6HX( 1 ! = ,E 12.5,5X, 

END 

1 ( 2  .*X( 1 )*X( 1 )*ill) 

STORE APPROPRIATE GWIEN'TS I N  ARRAY A -  

1 6M( 2) =,E12 5/5X,6HG( 1)  -,E12 .5,5X,6HG(2) =,El2 5 )  

Figure 10 Concluded: Example 3; Gradients Supplied by t h e  User 



tUAA.1 DDDDDD ssssss 
A A D  D S  
A A D  D S  
A A A A A A A D  D SSSSS 
A :, D D S 
A A D  D S 
A A DDDDDD SSSSSS 

F O R T R A N  P R O G R A M  

F O R  

A U T O M A T E D  D E S Z G N  S Y N T H E S I S  

V E R S I O N  1-00 

CONTROL PARAMETERS 
ISTRAT = 0 IOPT = 
IGRAD = 1 NDV = 
SCALAR PROGRAM PARAMETERS 
REAL PARAMETERS 

1) ALAMDz = 0.0 
2)  BETAKC - C.0 
3 )  CT = -0.10000E+dO 
4) CTL - -0.50000E-02 
5) CTLMIX 0 0-LOOOOE-02 
6) CTMXN 0.20000E-02 
7) DABALP = 0.10000E-03 
8) DABOEJ = 0.3t284E-03 
9 ) DABOBM = 0.38284E-33 
10) DABSTR 0.38284E-03 
11) DELALP = 0.50000E-02 
13.) DELOBJ 0.LOOOOE-02 
13) DELCBM 0.500GOE-04 
15 ) DELSTR = 0.10000E-02 
15) DLOBJl = 0.10000E+00 
16) DLOB.J2 = C.10000E+04 
1 7 )  D X l  = 0.10000E-01 
18) DX2 - 0.20000E+00 
19) EPSPEN -0.50000E-01 

4 IONED = 7 IPRLNT = 2020 
2 NCON * 2 

20) EXTRAP = 
21) FDCB = 
22) FDCHM ,. 
23) GMULTZ - 
24) PSAIZ = 
25) RMULT = 
26) RKVLMZ = 
27) RP = 

28) RPMAX = 
29) RMUL? = 
30) RPPMIN = 
31) RPPRIM - 
32) SCFO = 
33)  SCLMIN = 
34) STOL - 
35) THETAZ = 
36) XWLT - 
37) ziw - 

0.50000E+01 
0.10000E-01 
0.10000E-02 
0.10000E+02 
0.95000E+00 
0.500rAE+01 
0.200OOE+OO 
0.100WEi42 
0. i OOOOE+O9 
0.20COOE+00 
0.10000E-07 
0. LOOOOE*03 
G. lO)UOOE+01 
0.10C)OOE-02 
0.10000E-02 
0 .1COOOEM1 
0.2 6 18 OEM 1 
0.10000E-OL 

INTEGER PARAMETERS - '., I * \  T T Q I Y I D  -.*us#. I 2 6 :  JONED = 7 1) TtNDIR - 7 

2 )  ;SAL = 1 5 )  ITRHST = 2 7:; JTMAX 20 
3) ITMAX - 40 

Figure 11: Example 3 - Output 

?6 



ARRAY STORAGE R E Q U I W N T S  

ARRAY S I Z E  S I Z E  
WK 1OGO 19 7 

IWK 500 184 

DIHENSIONED R e Q U I h d D  

--------------------.------------------------------ 

I0.q - 4; METXOD OF FEASIBLE DIRECTIONS 

- I N I T I A L  DESIGN 

OBJ = 0.38284Ei-01 

D Z C I S I O N  VARIABLES <X-VECTUR) 
1) O * 1 0 0 0 0 E + O 1  0 ~ 1 0 O O O E + O 1  

L.JER BOUNDS ON THE DECISION VARIABLES (VLB-VECTOR) 
1 ) O 1OOOOE-01 0 1 0 0 0 0 E - 0  1 

UPPER BOUNDS ON THE DECISION VARIABLES (WB-VECTOR) 
1) 0 . 1 0 0 0 0 E + 2 i  0 . 1 0 0 0 0 E + 2 1  

CONSTRAINT VALUES (G-VECTOR) 
1) - 0 . 3 1 3 7 1 B M O  - 0 . 1 7 0 i O E + 0 1  

- I - A A T I O N  1 OBJ * 0 . 2 6 8 7 4 E M l  

D E C I S I O N  VARIABLeS (X-VECTOR) 
1) 0 . 7 1 8 1 6 E + 0 0  0 .65616Ei-00  

-- ITERATION 2 OBJ C . 2 6 3 9 8 E W 1  

DECISION VARIABLES (X-VECTOR) 
1) C 7 9 4 7 3 E + 0 0  0 . 3 9 1 9 6 E M O  

FINAL CPTIMIZATION RESULTS 

NUMBER CF ITERATIONS = 3 

OBJECTIVE - 0 . 2 i 3 9 8 E M l  

CECISXON VARIABLES (X-VECTOR) 
1) 0 . 7 9 4 7 3 E + 0 0  0 . 3 9 1 9 6 E M O  

CONSTRAINT VALUES (G-VECTOR) 
1) - 0 . 2 3 7 2 4 E - 0 3  -0.135263+01 

CONSTRAINT TOLOKANCE, C T  = - 0 . 1 0 0 0 0 E + 0 0  CTL - 0 . 5 0 0 0 0 E - 0 2  

Figure 11 C o n t i n u e a :  E x a m p l e  3 - O u t p u t  
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THERE ARE 1 ACTIVE CONSTRAINTS AND 0 VIOLATED CONSTRAINTS 
CONSTRAINT NUMBERS 

1 

THERE ARE 0 ACTIVE SIDE CONSTRAINTS 

TERMINATION C R I T E R I A  

KUHN-TUCKER PABAMETER, BETA = 0.70453E-04 I S  LESS THAN 0.10000E-0 

OBJECTIVE FUNCTION VALUE 0.26398Ei-01 

DESIGN VARIABLES 

LOWER UPPER 
VARIABLE BOUND VALUE BOUND 

1 O 1OOOOE-0 1 0 7 947 3E#O 0.10000E+2 1 
2 0.10000E-01 0.39196EMO 0.10000E+21 

DESIGN CONSTMINTS 

1 )  -0.2215E-03 -0.6294E-t-00 

FUNCTIOK EVALUATIONS = 8 

GRADIENT EVALUATIONS - 3 

OPTIMUM O B J  * 0.26398EM1 

X(1) = 0.79473E+00 X(2) - 0.39196EMO 
G(1) -0.22149E-03 G(2) 0-0.62937Ei-00 

F igu re  11 Concluded: Example 3; Outpiit 

6.0 - M A I N  - PROGRAM FOR 
_I 

SIMPLIFIED USAGE OF ADS --- 
F i g u r e  11 is a g e n e r a l - p u r p o s e  c a l l i n g  p rogram for  u s t  w i t h  ADS. 

The a r r ays  a re  d i m e n s i o n e d  s u f f i c i e n t  t o  s o l v e  p r o b l e m s  of u p  t o  20 
deoign v a r i a b l e 8  and 100 c o n s t r a i n t s .  Ar rays  IC and A are dimensioned 
t o  a l l o w  f o r  e v a l u a t i o n  of 30 c o n s t r a i n t  g rad ien t s .  Wherever a q u e s t i o n  
mark ( ? )  is g i v e n ,  i t  is u n d e r s t o o d  t h a t  t h e  u s e r  w i l l  s u p p l y  t h e  
a p p r o p r i a t e  in format ion .  Note that t h e  s t a t e m e n t  X(1)-1, I = l , N D V  is n o t  
an  i m p l i e d  FORTRAN DO LOOP, but s imply  denote6  t h a t  t h e  v a l u e  of t h e  NUV 
d e s i g n  v a r i a b l e s  must be d e f i n e a  h e r e .  
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S u b r o u t i n e  EVAL i s  t h e  u s e r - s u p p l i e d  subr m t i n e  €or e v a l u a t i n g  

Subrout ine EVAL has t h e  fo l lowing  c a l l  statement: 
f u n c t i o n s  and g r a d i e n t s  ( i f  user-supplied).  

CALL EVAL (INFO, NDV , NCON, OBJ , X,G,DP, NGT , IC,& m) 
The p a r a m e t e r s  INFO, NDV, NCON, X, VGT, IC and NRA a r e  i n p u t  t o  
S u b r o u t i n e  EVAL, w h i l c  OBJ, G ,  DP a n d  A a r e  o u t p u t .  Depending on t h e  
u s e r  needo, t h i s  may be s i m p l i f i e d .  For example, i f  IGRADIO and NDV and 
NCCN are not r equ i r ed  by t h e  a n a l y s i s ,  t he  ca l l ing  statement  may be 

CALL EVAL (OBJ,X,G) 

A l t e r n a t i v e l y ,  INFO mav be u s e d  as c F r i t t  c G n t r o l  so. a f t e r  t h e  
o p t i m i z a t i o n  is c o o o l e t e ,  INFOm3 is -sent tc EYAL t o  i n d i c a t e  t h a t  
a n a l y s i s  L n f o t m a t l o n  s h o u l d  b e  p r i n t e d .  Note however ,  t h a t  d u r i  rrg 
op t imiza t ion ,  t h e  v a l u e  of INFO r e tu rned  from iWS mus t  be the same when 
c a l l i n g  AI)S t o  cont inue o p t i m i z a t i o n  (eg. i t  may be s a f e r  t o  u s e  i r o t h e r  
user-defin2a rarameter as a p r i n t  c o n t r o l ) .  

C SIMPLIFIED USAGE OF THE ADS OPTIMIZATION PROGRAM. 
DIMENSION X( 21) ,VLB( 21),VUB( 2 1) ,G( loo) ,  IDG( loo) ,  IC( 3O), DF( 21), 
NUm2 1 
NCOLA930 
NRWK=lOOOO 
NRIWK-2000 

IGRADm? 
NDV-? 
NCON=? 
X(I)-?, I=l,NDV 
VLB(I)=?, I-1,NDV 
WB( I)=?, 1-1 ,NDV 
IN( I)=? 1-1, NCON 
ISTRATm? 
IOPT-? 
IONED-? 
IPRINT-? 
INFOP0 
CALL ADS (INFO, ISTRAT, IOPT , IONED, IPRINT, IGRAD ,NDV ,NCON,X, 

* VLB,WB,OBJ,G,ZLK:,NGT,LC,DF,A,NRA,NCOLA,WK,NRWK,IWK,NRIWK) 
CALL EVAL [INFO, NDV , NCON,OBJ,X, G,DF ,NGT, IC ,A ,  MA) 
IF (INFO.GT.0) GO TO 10 

STOP 
END 

* A(21,30),WK( 10000),IWK(2000) 

C INITIALIZATION. 

10 

C OPTIMIZATION IS COMPLETE. PRINT RESULTS. 

Figure 12: Program f o r  S i m p l i f i e d  Usage of ADS 
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APPENDIX A - 

1 Fletcher-Reeves 
Davidon-F l e  t cher-Powe 1 1 (DFP) 
Broydm-Fletcher-Goldfarb-Shanno (BFGS) 
Method of F e a s i b l e  D i r e c t i o n s  
Modified Method of F e a s i b l e  D i r e c t i o n s  

1 
1 

I 1 

QUICK REFERENCE TO ADS OPTIONS -- 

None 0 
SUMT, E x t e r i o r  1 
SUMT, Linea r  Extended I n t e r i o r  2 
SUMT, Quadra t i c  Extended I n t e r i o r  3 
SUMT, Cubic Extended I n t e r i o r  4 
Augmented Lagrange M u l t i p l i e r  Meth. 5 
S e q u e n t i a l  L inea r  Programming 6 
Method of C e n t e r s  7 

S e q u e p t i a l  Q u a d r a t i c  Programming 8 

O~-DIMEIOSIO3AL SBbacB IONED 

X X X 
X 0 0 
X 0 0 
X 0 0 
X 0 0 
X 0 0 
0 X X 
0 X X 
0 X X 

Golden S e c t i o n  Method 
Golden S e c t i o n  f Polynomial 
Polynomial I n t e r p o l a t i o n  (boundedj 
Polynomial E x t r a p o l a t i o n  
Golden S e c t i o n  Method 
Golden S e c t i o n  + Polynomial 
Polynomial I n t e r p o l a t i o n  (bounded) 
Polynomial E x t r a p o l a t i o n  

X X 0 0 
X X 0 0 
X X 0 0 
X X 0 0 
0 0 X X 
0 0 x X 
0 0 X X 
0 0 X X 

NOTE: An X deno tes  an  a l l o w e d  combination of a lgo r i thms .  
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USEFUL INFORMATION STORED IN ARRAYS WK AND IUK -- 
A r r a y s  wI[. and  I Y K  c o n t a i n  i n f o r m a t i o n  c a l c u l a t e d  by ADS w h i c h  is 

sometimes u s e f u l  i n  mmitering t h e  p r o g r e s s  of t h e  op t imize t ion .  T a b l e s  
B-1 and B-2 i d e n t i f y  p a r a m e t e r s  v h i c h  may be o f  i n t e r e s t  t o  t h e  u s e r .  
Note  t h a t  t h e s e  p a r a m e t e r s  m u s t  n o t  be c h a n g e d  by t h e  u s e r  d u r i n g  t h e  
o p t i m i z a t i o n  p rocess .  

TABLR B-1: REAL PARAMETERS STOEKD IB ARRAY WK 
PAlanmmt IACATXOU DEFINITION 

ALPHA 52 Move parameter  i n  t h e  one-dimensional s ea rch .  
ALPHA3 53 Alpha a t  t h e  s t r a t e g y  l e v e l  f o r  ISTRA-8. 
PENALT 82 The v a l u e  of t h e  p e n a l t y  i n  SUMT methods. 
SLOPF 85 The s l o p e  of t h e  OBJ v e r s u s  ALPHA f u n c t i o n  in t h e  

one-dimensional s ea rch .  
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~~ 

I D A B  23 

IDAB3 24 
IDEL 25 

IDEL3 26 
IFCALL 28 

IGCALL 29 

IMAT 34 

ITER 
JTER 
LGOTO 

N.4c 
NACS 
NVC 
NXFD 

45 
46 
54 

58 
59 
68 
69 

Number of coneecu t ive  times t h e  a b s o l u t e  
convergence c r i t e r i o n  has  been s a t i s f i e d  a t  t h e  
o p t i m i z a t i o n  l e v e l .  
Same as I D A B ,  bu t  a t  t h e  s t r a t e g y  level. 
Number of c o n s e c u t i v e  times t h e  r e l a t i v e  
convergence c r i t e r i o n  has  been s a t i s f i e d  a t  t h e  
o p t i m i z a t i o n  l e v e l .  
Same a s  IDEL, but  a t  t h e  s t r a t e g y  l e v e l .  
The number of times t h e  o b j e c t i v e  and  c o n s t r a i n t  
f u n c t i o n s  have been eva lua ted .  
The number of times a n a l y t i c  g r a d i e n t s  have been 
eva lua ted .  
P o i n t e r  t e l l i n g  t h e  s t a t u s  of t h e  op t imiza t iou  
process .  
0 - Opt imiza t ion  is complete.  
1 - I n i t i a l i z a t i o n  is complete and colrtrol is being 

r e tu rned  t o  t h e  u s e r  t o  ove r - r ide  d e f a u l t  
parameters .  

2 - I n i t i a l  f u n c t i o n  eva lua t ion .  
3 - C a l c u l a t l i q  a n a l y t i c  g r z d i e n t s .  
4 - Calcu la t ing  f i n i t e  d i f f e r e n c e  g r a d i e n t s .  

i d e n t i f i e s  t h e  des ign  v a r i a b l e  being changed. 
5 - One-dimensional s e a r c h  is being performed. 

See LGOTO. 
1teratc.m number a t  t h e  op t imiza t ion  Level. 
I t e r aLAcn  number a t  the  s t r a t e g y  l e v e l .  
Loca t ion  i n  one-dimensional s ea rch .  
1 - Finding  b o n d s  on t h e  s o l u t i o n .  
2 - Golden Sec t ion  method. 
3 - Polynomial i n t e r p o l a t i o n  a f t e r  Golden Sec t ion .  
4 - Polynomial i n t e r p o l a t i o n  a f t e r  g e t t i n g  bounds. 
5 - Polynomial interpolationlextrapolation. 
Number of a c t i v e  c o n s t r a i n t s .  
Number of a c t i v e  s i d e  c o n s t r a i n t s .  
Number of v i o l a t e d  Cons t r a in t s .  
Design v a r i a b l e  being per turbed  du r ing  f i n i t e  
d i f f e r e n c e  g r a d i e n t s .  

NXFD 
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APPENDIX C - 
SUBROUTINES NEEDED FOR A SPECIFIED COMBINATION OF ISTRAT, IOPT AND IONED -- - - -. 

Depending  on t h e  c o m b i n a t i o n  of ISTRAT, IOPT a n d  I O N E D ,  o n l y  i r  

s u b s e t  of s u b r o u t i n e s  con ta ined  I n  t h e  ADS sys tem are used. The re fo re ,  
i f  c o m p u t e r  memory i s  l i m i t e d ,  i t  may be d e s i r e d  o n l y  t o  l o a d  thosc! 
r o u t i n e s  w h i c h  a r e  a c t u a l l y  used .  T h i s  w i l l  r e s u l t  i n  “ u n s a t i s f i e ~  
e x t e r n a l s “  a t  run  t i m e ,  but on moat sys t ems  t h e  program can be e x e c u t e d  
anyway since t h e  u n s a t i s f i e d  e x t e r n a l  r o u t i n e s  are n o t  a c t u a l l y  c a l l e d .  
B e l o w  Is a l i s t  of t h e  r o u t i n e s  n e e d e d  for a g i v e n  c o m b i n a t i o n  o f  
a lgo r i thms .  I n  some cases, s l i g h t l y  more r o u t i n e s  a re  i n c l u d e d  than  are 
, b s o l u t e l y  necessa ry ,  but they  are s h o r t  and a more p r e c i s e  l i s t  would 
be u n d u l l y  complicated.  

ALWAYS LOAD THE FOLLOWING SUBROUTINES: 

ADS, ADSOOl, ADSOO2, ADS004, ADSOOS, ADSO(i6,  ADS007, ADSOo9, ADSOIO, 
ADS102, ADS103, ADS105, AUS112, AI)S122, ADSZOl, ADS206, ADS211, ADS21.6, 
ADS236, ADS401, ADS402, ADS403, ADS420, ADS503, ADS504, ADS506, ADS5LU 

STRATEGY LEV EL - 
Depending on t h e  v a l u e  of ISTRAT, t h e  f o l l o w i n g  subrou t f r i e s  a r e  

a l s o  requii-ed: 

ISTRAT = 0, No s t r a t e g y  r o u t i n e s  are added. Go to  t h e  o p t i n i z e r  l e v e l .  

ISTRAT - 1, Add: ADS008, ADS301, ADS302, ADS508 

ISTRAT - 2, Add: ADSOOB, ADS302, ADS303, ADS308, ADS508 

ISTRAT = 3, Add: ADSOOB, ADS302, ADS304, AD5308, ADS508 

I S T R A T  - 4, Add: ADS008, ADS302, ADS305, ADS308, ADS508 

lSTr!!<? - 5, Add: ADSOO8, ADS302, ADS306, ADS307, ADS508 

‘.:W.’a~ 6, Add: ADS320, ADS321, ADS323, ADS333 

iS‘H..ir = 7.. Add: ADS323, ADS330, ADS331, ADS333 

ESTMr - 8 ,  Add: A 3 S 2 0 5 ,  ADS217, ADS218, ADS221, ADS223, ADS310, ADS333, 
ADS371, ADS375, ADS376, US377,  AS5338, ADS404, ADS507, 
ADS508, ADS509 
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OPTlM I B E H  LEV EL - 
Depending on t h e  v a l u e  of IOPT, the io l lowing s u b r o u t l n e s  are also 

requi red :  

IOPT = 1, Aad: ADS204, ADS2i3, ADS214, ADS509 

IOPT = 2, Add: ADS213, ADS214, ADS235, AI~3404, ADS50.3, ADS509 

IOPT = 3, Add: ACS213, ADS214, ADS235, ADS404, ADS503, ADS509 

IOPT 4, Add: ADSZOl, ADS205, ADS207, ADSL17, ADS218, ADS221, ADS223, 
ADS507 

IOPT = 5, Add: ADS201, ADS202, ADS203, ADS207, ADS209, ADS217, ADS218, 
ADS221, ADS223, ADS235, ADS507 

ONE-DIMENSIONAL SEARCH LEVEL -- 
Depending on t h e  v a l u e  of IONED, t h e  f o l l o w i n g  s u b r o u t i n e s  are a l s o  

requlzed:  

IONED = 1-4, Add: ADS116, ADS117, ADS118, ADS121, ADS126, ADS127 

IONED = 5-8, Aad: ADSlOl, ADS104, ADS106, ADSLOB, ADS109, ADSllO, 
ADS111, ADS115, ADSl19, ADS123, ADS124, ADS125, 
ADS502 
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APPENDIX D - 
ADS SYSTEM SUBROUTINES - - 

The subrou t ines  i n  t h e  ADS system are l i s t e d  he re  w i t h  a v t ~ y  b r i e f  
d e s c r i p t i o n  of eacii. Host sub rou t ines  are i n t e r n a l l y  documnted ,  and 
the  u s e r  is r e f e r r e d  t o  t h e  program l i s t i n g  f o r  more d e t a i l s .  

G e n e r a l  l y ,  ADS001-ADS099 a re  c o n t r o l  l e v e l  r o u t i n e s .  ADSlOl- 
ADS199 a l e  o n e - d i m e n s i o n a l  tsearch l e v e l  r o u t i n e s ,  ADS201-~DS299 are  
o p t i m i z a t i o n  l e v e l  r o u t i n e s  a n d  ADS301-ADS399 a re  s t r a t e g y  l e v e l  
r o u t i n e s .  ADS401-ADS499 a re  p r i n t  r o u t i n e s  a n d  ADS501-ADS599 a re  
u t  11 i t  y rout ines .  

ROUTINE PURPSSE 

ADS 

ADS30 1 

ADS002 

ADS003 

ADS004 

ADS005 

ADS006 

ADS007 

ADS008 

Acsoo9 

ADS010 

ADS101 

ADS102 

ADS103 

ADS104 

ADS105 

ADS106 

.4Ds 1 OS 

ADS109 

- Mai A control rou t ine  f o r  o p t i a i z a t i o n .  

- Contro l  one-dimensional search  l e v e l .  

- Contro l  op t imize r  l e v e l .  

- Contro l  s t r a t e g y  l e v e l .  

- Define work a r r a y  s t o r a g e  a l l o c a t i o n s .  

- I n i t i a l i z e  scalar parameters  to t h e i r  d e f a u l t  va lues .  

- I n i t i a l i z e  scale f a c t o r s .  

- Calcu la t e  scale f a c t o r s ,  scale, unsca le .  

- Calcu la t e  g r a d i e n t s  of pseudo-objective f o r  ISTRATmi-5. 

- Re-order I C  and A a r r a y s .  

- C a l c u l a t e s  conve rge nce c r i te r ia  pa ram te rs . 
- C o e f f i c i e n t s  of l i n e a r  polynomial. 

- C o e f f i c i e n t s  of q u a d r a t i c  polynomial. 

- C o e f f i c i e n t s  of cub ic  polynomial. 

- Zeroes of polynomial t o  th i rd-order .  

- Minimums of polynomial t o  th i rd-order .  

- Evaluate n-th order  polynomlal. 

- Find minimum of a f u n c t i o n  by polynomial i n t e r p o l a t i o n .  

- Find zdroes of a func t ion  by polynomial i n t e r p o l a t i o n .  
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KOU T I N E PURPOSE 

ADSllG 

ADS111 

ADS112 

ADS115 

ADS116 

ADS117 

ADS118 

ADS119 

ADS121 

ADS122 

ADS123 

ADS124 

ADS125 

ADS126 

ADS127 

ADS201 

ADS202 

ADS203 

ADS204 

ADS205 

ADS206 

ADS207 

- Evaluate s lope  of n-th order polynomial. 

- Polynomial i n t e r p o l a t i o n  f o r  c o n s t r a i n t  boundaries.  

- Find ALPMAX so NDV s i d e  c o n s t r a i n t s  are encountered. 

- Cont ro l  one-dimen3ional s ea rch  f o r  cons t r a ined  f u n c t j  ons. 

- Control one-dimensional s ea rch  f o r  unconstrained func t ions .  

- Polynomial i n t e r p o l a t i o n  of unconstrained f u n c t i o n ,  w i t h i n  
bounds. 

- Polynomial i n t e r p o l a t i o n  of un rons t r a ined  f u n c t i o n ,  no  
bounds given. 

- Polynomial i n t e r p o l a t i o n  of cons t r a ined  f u n c t i o n ,  no bounds 
given. 

- Find bounds on minimum of unconstrained func t ion .  

- I n i t i a l  i n t e r i o r  p o i n t s  f o r  Golden Sec t ion  method. 

- Const ra ined  one-d imnsional  s ea rch  by Golden S e c t i o n  method. 

- Update bounds and get n e w  i n t e r i o r  po in t  i n  Golden S e c t i o n  
method, cons t ra ined .  

- Find bounds on minimum of cons t r a ined  func t ion .  

- Unconstrained one-dimensional s e a r c h  by Golden S e c t i o n  
method. 

- Update bounds and get new i n t e r i o r  po in t  by Golden S e c t i o n  
method, uncons t ra ined .  

- I d e n t i f y  NGT most c r i t i c a l  c o n s t r a i n t s .  

- I n v e r t  ma t r ix  B and store back i n  E. 

- Delta-X back t o  boundary i n  Modified Method of F e a s i b l e  
D i  ie c t i on8 . 

- Fle  t che r-Reeve s uncons t ra ined  minimization. 

- Method df Feas ib l e  Di rec t ions .  

- X = Xold + ALPHA*S, s u b j e c t  t o  s i d e  c o n s t r a i n t s .  

- Maximum component (magnitude) of each  column of A. 



ROUTLNE PURPOSE 

ADSZUF 

ADS21 1 

ADS213 

ADS214 

ADS216 

ADS2 1 7  

ADS218 

ADS221 

ADS223 

ADS231 

ADS..Sj 

ADS236 

ADS301 

ADS302 

ADS 30 3 

AD53d4 

ADS305 

US306 

ADS307 

ADS308 

ADS310 

ADS320 

ADS321 

ADS323 

- Calcu la t e  B = A-Transpose times A. 

- Update convergence parameters  IDEL and IDAB. 

- Calcu la t e  i n i t i a l  ALPHA f o r  one-dimensional s ea rch  based on 
o b j e c t i v e  f u n c t i o n  value.  

- Calcu lh t r  i n i t i a l  ALPHA f o r  one-di*nsional s e a r c h  based c- 
X-values. 

- F i n i t e  d i f ze rence  g r a d i e n t s  of o b j e c t i v o  and c o n s t r a i n t s .  

- S o l v e  d i r ec t ion - f ind ing  t a s k  f o r  Meihods of F e a s i b l e  
Direc t ions .  

- Solve s p e c i a l  LY sub-problem from AlJS217. 

- Push-off f a c t o r s  fo r  -Yethods of F e a s i b l e  Di rec t ions .  

- I d e n t i f y  a c t i v e  s i d e  c o n s t r a i n t s .  

- Modified Methoa of F e a s i b l e  Di rec t ions .  

- Variab le  Metric Methods, T3?T=2,3. 

- cearch  d i r e c t i o n  f o r  Var i ab le  Metric Xethods. 

- Exterior Pena l ty  Funct ion  Method, ISTUT=l. 

- C a l c u l a t e s  pena l ty  for  pena l ty  f i lnct ion methods, ISTRATsl-5. 

- Lin. a r  Extended Feqal ty  FuncLion Method, XSTRAT=2. 

- Quadra t i c  Extended Pena l ty  Funct ion Metnod, ISTMT=3. 

- Cubic Extended Penal ty  Funct ion  Method, ISTRATo4. 

- Augmented Lagrange M u l t i p l i e r  Method, IST2ATm5. 

- Update Lagrange h l t i p l i e r s ,  ISTRATs5. 

- C a l c u l a t e  pena l ty  parameters,  ISTRATP. 

- Sequen t i a l  J u a d r a t i c  Programming, 1STRAT-8. 

- Sequen t i a l  L inear  Programming, ISTRATn6. 

- Control solu. im of LP sub-problem, 1STRk.T-6. 

- Update move l i m i t s ,  ISTRAT=6,7. 



ms33u 

r n S ? 3 l  

ADS333 

ADS371 

ADS375 

ADS376 

ADS37 7 

ADS3 7 8 

ADS401 

ADS402 

ADS403 

ADS404 

ADS420 

AI?S>f'l 

AbSS32 

Aij5303 

ADS504 

ADS5u6 

ADS507 

ADS508 

ADS509 

ADSSiO 

- k c h o c '  of Cen te r s ,  ISTRATm7. 

- Cont io l  s o l u t i o n  of LP mb-problem, ISTR1T=7. 

- 291ci l a te  maximum c a c s t r a i n c  va1r:e. 

- Contrc: s o l u t i a n  of QP sub-problen, ISTRATd. 

- Temporary o b j e c t i v e s  ISTRAT-8+ 

- Gradient  of Fseudo-objective f o r  one-dimensional s ea rch ,  
IS7iUTm8 

- Change i n  o b j e c t i v e  g r a d i e n t s ,  ISTRAT=d. 

- Update i ieseian * a t r i x ,  ISTRAT4. 

- P r i n t  a r r a y s .  

- S r l n t  a r r a y  t i t l e  and a r r a y .  Calls ADS401. 

- P r i m  scalar c o n t r o l  parameters. 

- P r i n t  Usssian matrir.. 

- P r i n t  f i n a l  op t imiza t ion  results. 

- Evaluate  scalar product  of two vec to r s .  

- Find m a x i m u m  component or vector .  

- Equate t w o  vec to r s .  

- Matrix-vector  product .  

- I n i t i a l i z e  symmetric m-,trjx t o  t h e  i d e n t l c y  matrix. 

- Vormalize rs::tor by d i v i d i n g  by maximum compcnent. 

- Calcu la t e  g r a d i e n t  of pseudo-object ive for  ISTUAT=l-5. 
Ca l l ed  5y ADSO08. 

- i d e n t i t y  act ive s i d e  c o n s t r a i n t s .  

- S c a l e ,  unsc,:e t he  X-vector. 
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